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ABSTRACT 


Summary  cables  show,  for  four  lunar  months  (mid-summor,  ii-.id-fall,  mid-winter,  ar.d 
mid-spring),  the  number  of  hours  ir.  which  the  illumination  exceeds  levels  ir. 

8  decades  from  1.5  x  10*®  lumens  per  square  *oot  to  1.5  x  10+3'  lumens  per  square 
foot;  the  full  cables  list  the  hours,  day  by  day,  ir.  which  the  illumination 
exceeds  the  same  8  levels.  Note  that  the  sum  of  the  hours  net  exceeding  and  the 
hours  exceeding  a  given  level  equals  a  constant  which  is  the  total  number  of  hours 
in  a  lunar  month. 

So  that  these  tables  may  be  more  easily  understood,  they  also  have  been 
plotted  at  levels  of  1.5  x  10*5,  1.5  x  10*3,  1.5  x  10*1,  and  1.5  x  lO1'1.  These 
curves  show  the  number  of  h)urs  per  day  as  a  function  of  date,  the  time  that 
terrestrial  illumination  equals  or  exceeds  these  values.  There  are  separate  sets 
of  tables  for  latitudes  of  0,  30,  and  60  degrees. 


PREFACE 


The  calculations  reported  herein  were  performed  for  the  Office  of  Communication: 
and  Electronics  of  ODDR&E  at  the  suggestion  of  Lucier.  M.  Biberman  as  an  aid  to  under¬ 
standing  one  of  the  many  factors  determining  man's  ability  to  see  at  night. 

The  data  are  designed  to  indicate  day  by  day  for  three  latitudes  the  number 
of  hours  when  several  nominal  values  of  nocturnal  illuminance  from  sunlight  and 
moonlight  are  exceeded.  The  nominal  values  chosen  cover  eight  orders  of  magnitude. 

The  tables  presented  herein  are  based  upon  calculations  and  approximations 
employing  circular  orbits.  Longitudinal  effects  are  ignored. 
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PART  1:  SOME  COMMENTS  ABOUT  UNITS  AND  NOMENCLATURE 


Perhaps  no  branch  of  physics  gives  more  difficulty  with  regards  to  nomenclature 
than  chat  portion  concerned  with  radiant  energy  and  power  ir.  the  region  of  the 
electromagnetic  spectrum  to  which  the  eye  responds.  This  stems  from  a  number  of 
factors,  possibly  the  most  import  being  that  Light  and  related  Luminous  (or  photo¬ 
metric)  quantities  are  not  basic  physical  quantities  but  are  defined  directly  or 
indirectly  through  measures  in  which  the  physiological  response  of  the  human  eye 
(daylight  adapted)  is  the  means  of  measurement.  As  a  result,  we  have  the 
definition : 

Light  is  the  aspect  of  radiant  energy  of  which  a  human  observer 
is  aware  through  the  visual  sensations  which  arise  from  the 
stimulation  of  the  retina  of  the  eye.... Light  thus  defined  is  a 
psychophysical  concept.  Light  is  not  identified  with  either 
radiant  energy  or  visual  sensation  The  photographic  process, 
radiometric  power  and  the  erythemal  potency  are  examples  of 
ocher  aspects  of  radiant  energy.  Light,  however,  is  the 
aspect  of  radiant  energy  of  which  human  observers  are  aware 
<-‘”-ough  the  intermediate  agency  of  the  eye  and  the  sensation 
and  perceptions  resulting  from  stimulation  of  the  retina.* 

Long  ago,  before  precise  understandings  existed  concerning  radiant  energy  and 
its  derivative  effects,  there  was  a  need  for  standards  of  light-related  measures. 
The  standard  candle  was  bom--and  now  that  physics  has  better  means  at  its  dis¬ 
posal  tc  create  standards,  and  has  done  so,  the  older  sperm-whale  oil  definitions 
have  been  changed  to  take  advantage  of  better  radiometric  stanuarcs,  cut --cue 
human  eye  is  still  the  relating  factor  that  transforms,  both  in  fact  and  ir.  con¬ 
cept,  radiant  power  into  light. 

Thus,  we  have  the  problem  of  a  precisely  defined  unit,  the  candela,  which 
when  measured  by  an  imperfect  radiation  detector,  the  eye,  gives  the  '’proper"  value 
of  Light,  but  when  measured  by  a  perfect  (i.e.,  ’uniformly  responding)  instrumental 
detector,  produces  too  'teat  a  response.  The  perfect  detector  measures  the  radiant 
property  while  the  eye  measures  the  luminous  property;  the  two  are  related.  The 
response  curve  of  the  light-adapted  human  eye,  the  relating  function,  is  shown  ir. 
Tig.  2. 


The  Science  of  Color,  Optical  Society  of  America,  1963. 
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FIGURE  1  The  Photophic  Response  of  the  Eye 


(Prof,  Dr.  Dietrich  Hahn,  Dr.  Joachim  Metzdorf, 

Dr.  Ulrich  Schley,  and  Dipl.  Phys.  Joachim  Verch, 
Seven-Place  Tables  of  the  Planck  Function  for  the 


Visible  Spectrum,  Academic  Press,  New  York,  1964.) 


FIGURE  2  Luminojify  Curvei  for  Scotoolc  (rod)  and  Photopic  (cone) 

VJiion.  Since  the  Maxima  are  Arbitrarily  Set  at  100,  there 
Curvet  Give  no  Information  About  the  Relative  Sensitivity 
of  the  Rods  and  Cones  (Hecht  and  Yun  Hsio,  1945) 


One  other  problem  looms.  The  science  of  photometry  is  the  comparison  of 
light-related  quantities.  The  problems  of  photometry  are  straightforward  whenever 
one  deals  with  a  comparison  of  nearly  monochromatic  light.  But  when  the  colors 
of  light  are  different --the  measurement  of  an  intensive  property  of  things  that 
are  qualitatively  different  gives  rise  to  the  queasiness  often  experienced  when 
comparing  apples  and  oranges.  How  does  one  compare  the  brightness  of  a  yellow 
lamp  with  that  of  a  blue  lamp? 

Fortunately,  the  sensation  of  light  may  be  stated  to  be  proportional  to  the 
integral  of  the  radiometric  power  incident  upon  the  retina  multiplied  by  a  retinal 
response  function.  This  function  weighs  each  wavelength  to  which  the  retina 
responds  by  an  amount  tc  which  the  retina  would  respond  if  exposed  to  radiation 
in  which  radiometric  power  were  equal  at  all  wavelengths. 


From  all  tn.is  one  comes 
of  any  photometric  quantity  t 
efficiency  of  radiant  energy, 
for  instance,  luminosity 


a  ~  g  f  ior. 


v/nicn  is  ch?  rdtio 


its  radiometric  counterparts,  i.e.  ,  the  luminous 
"Calculated  in  tens  of  luminous  and  raci  t  flux. 
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The  ratio  of  the  integrals  is  the  luminosity  of  P^  relative  to  the  maximum 
possible  luminosity  of  radiant  energy.  This  ratio  may  therefore  be  called  the 
relative  luminosity  of  P^  and  may  be  denoted  by  y,  so  that  K  =  K^y.  Although  K 
is  customarily  specified  in  terms  of  lumens  per  watt,  any  radiometric  quantity 
may  be  multiplied  by  this  factor  to  obtain  the  corresponding  photometric  quantity, 
be  it  luminous  flux,  luminous  energy,  lusinoua  density,  luminous  intensity,  luminous 
enitrance,  luminance,  or  illuminance. "* 

To  add  to  all  the  above,  we  have  English  units  very  commonly  used  and  which 
in  this  paper  we  shall  use.  These  values  of  illuminance  or  illumination--terms 
that  are  used  interchangeably,  although  illuminance  is  preferred--are  expressed 
ir.  "foot -candles ,"  which  are  lumens  per  square  foot.  Tn  our  paper,  both  the 
terms  "foot -candles"  and  "lumens  per  square  foot"  will  be  used  interchangeably . 

Lastly,  we  have  the  terminology  of  the  astrophysicist  who  goes  his  own  way 
with  still  a  further  set  of  concepts  for  radiometric  terminology --we  shall  not 
consider  the  stellar  magnitudes,  but  we  must  consider  surface  brightness  as 
radiance,  which  when  modified  by  eve  response  is  luminance.  The  astrophysicists 
use  units  of  ergs  /cm  steradian  second  or  photons/cm  ster*  lian  second  for  surface 
brightness  (radiance). 

Chamberlain,  Hunter,  and  Roach  define  the  unit  Rayleigh  as  follows:  If  1 
is  surface  brightness  in  units  of  106  photons /cm2  steradian  second,  the  4ttI  is  a 
rayleigh. 

The  use  of  these  units  and  their  related  systems  of  units,  like  multiple 
foreign  tongues,  can  be  mastered  only  through  frequent  use. 


John,  W.T.,  The  Science  of  Daylicht .  Optical  Society  cf 
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FIGURE  3  Correspondence  of  Radiometric  end  Photometric  Nomenclative 


PART  2.  INTRODUCTION 


One  of  the  many  factors  determining  a  man's  ability  to  see  at  night  is  the  amount 
of  light  on  the  scene  or  illuminance.  Astrophysical  and  geophysical  phenomena 
provide  the  sources  of  illumination  (illuminance)  on  the  one  hand  and  attenuation 
on  the  other.  Examples  of  the  mere  significant  natural  sources  of  light  are  the 
moon  and  night  glow  (known  as  airglow);  examples  of  sources  which  are  not  significant 
and  inappreciably  affect  night  vision  are  light  from  the  Gegenschein  (see  Fig.  4) 
and  the  planets. 


Phenomenon 

Luminance . 
candle$/ftr 

Milky  way,  dimmest  region,  near  Perseus 

1  x  10‘5 

Gegenschein 

.5 

1.5  x  10  5 

Visible  night  glow  (zenith) 

2  x  10_S 

Milky  way,  brightest  region,  near  Carina 

4  X  1C"S 

Zodiacal  light  (50  deg  elongation) 

1.1  x  10"4 

Visible  night  glow  (edge -on) 

6  x  10'4 

Great  Orion  nebula  M42 

5.6  x  10'3 

Full  moon 

4  x  10+2 

Fluorescent  lamp,  4500  white 

4  x  10+2 

FIGURE  4  The  Luminance  of  a  Variety  of  Celestial  Objects.  The  Fluorescent  Lamp 
is  Shown  for  Comparison  {from  Dunkelman  and  Hennes,  1965) 


First  let  us  discuss  radiation  sources  and  the  irradiation  upon  scenes  with¬ 
out  reference  to  their  effect  upon  the  eye.  We  shall  use  radiometric  units  and 
terminology. 

It  is  practicable  in  discussing  passive  light  sources  to  divide  sources  of 
night  irradiance  into  the  variable  and  the  relatively  steady  components.  The 
relatively  steady  component  is  made  up  of  the  night -airglow,  or  nightglow,  the 
Zodiacal  light,  and  integrated  starlight,  all  of  which  are  frequently  lumped 
together  and  called  light -of -the -night -sky.  While  we  speak  of  this  as  being  the 
relatively  stable  component  of  night  irradiance,  it  is  known  from  many  obser¬ 
vations  that  the  nightglow,  for  example,  varies  frequently  as  much  as  a  factor  of 
two  and  even  more  (up  to  a  factor  of  five)  from  season  to  season,  and  it  also  has 
latitude  effects.  However,  compared  to  the  variable  component  of  the  irradiance 
available  at  night  due  to  the  moon,  the  light  of  the  night  sky  indeed  is  quite 
stable . 

The  variable  component  is,  of  course,  the  irradiance  produced  by  che  sun  and 
the  moon.  The  lunar  irradiance  is  a  strong  function  of  the  phase  of  the  moon  and 
the  angle  of  elevation  of  the  moon.  In  the  case  of  lunar  elevation,  however,  the 
change  of  irradiance  is  very  significant  from  moonrise  to  the  time  when  the  moon 
is  up,  say,  10-deg  or  so,  and  then  from  10-deg  lunar  elevation  to  moonset.  During 
the  period  between  the  10-deg  elevation  points,  the  irradiance  varies  very  little 
with  lunar  elevation.  On  the  other  hand,  lunar  phase  (relative  to  the  sun)  is 
extremely  important  (see  pp.  A-12  and  A*16). 

The  quality  of  moonlight  is  essentially  that  of  sunlight  (Dunkelman  and 
Scolnik,  1959;  Malitson,  196S),  but  reduced  considerably  in  irraoiance  (due  to 
low  lunar  albedo)  and  modified  spectrally  according  to  Fig.  8. 

For  problems  more  directly  concerned  with  vision  we  now  turn  our  attention 
to  eye  related  quantities  and  will  use  luminous  (photometric)  quantities  ar.d 
terminology . 

Solar  illuminance  for  various  solar  angles  of  elevation  and  lunar  illuminance 
for  several  phases  are  shown  in  the  appendix,  taker,  from  the  extensive  work  of 
Brown  (195?).  Due  to  the  difficulty  in  obtaining  copies  of  Brown's  work,  it  has 
been  reprinted  as  an  Appendix. 

For  one  interested  in  pursuing  independent  calculations,  it  should  be 
apparent  that  the  spectral  distribution  of  solar  irradiance  outside  the  atmosphere 
is  well  known  (see  curve  M  -  0,  Fig.  5).  This  curve,  ho-wever,  is  not  the  ore  that 
applies  to  solar  spectral  irradiance  at  sea  level.  The  strong  spectrally  dependent 
processes  of  absorption  and  scatter  modify  the  incident  radiation  from  the  sun 
according  to  the  path  length  traversed.  The  curves  labeled  M  =  1  through  M  =  5 , 
show  the  net  results  of  the  action  of  a  "clear  atmosphere"  tor  patn  ienytr.s 
eouivalenc  to  air  masses  of  1  through  5. 
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FIGURE  5  Solor  Sp«ctrol  Irrodionc*  Corvm  ot  5«o  L*v«l  with  Varying  Opticol 
Air  Moimi  (From  Handbook  of  G«ophyjic»,  USAF  Air  Rtnoreh  ond 
O*v*lopm«nt  Command,  N*w  York,  1 961  (R»vit«d  «dition) 
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FIGURE  6  The  Special  Diltribution  of  Light  from  a  Clear  Sky; 

Alto  Shown  ii  the  Curve  for  a  Btackbody  at  11,500°K. 
(From  J.W.T.  Walih,  The  Science  of  Doylight,  London 
1961) 


The  colour  of  the  clear  blue  jky  is  by  no  meant  uniform.  Opposite 
the  tun  the  iky  ii  bluer  than  i!  it  in  the  lun'i  vicinity.  The  colour 
temperoture  on  on  exceptionally  clear  day  may  reach  60,000°K 
(16.7  miredl)  but  on  overage  for  the  zenith  jky  at  Cleveland  on  o 
lorge  number  of  ordinarily  clear  oayi  wai  found  to  be  I3,70Q°K 


Relative  power 


FIGURE  7  The  Spectral  Distribution  of  Light  from  Sun  and  Clear  Sky 

(From  J.W.T.  Walsh,  The  Science  of  Daylight,  London,  1961) 


11 


The  radiance  and  color  of  the  sky  also  appear  to  be  as  they  are --instead  of  a 
black  star-studded  dome --because  of  these  same  processes.  This  is  illustrated  in 
Fig.  6.  and  7. 

At  night  the  solar  radiation  reaching  the  earth  has  traveled  through  a  long 
path  refracted  possibly  ten  to  fifteen  degrees  from  below  the  horizon  and  multiply 
scattered.  Thus,  the  spectral  content  of  the  sunlight  incident  upon  earth  at 
right  is  strongly  modified  from  that  incident  upon  earth  at  the  outer  fringes  of 
the  atmosphere. 

Moonlight  is  sur, light  reflected  from  the  surface  of  the  moon.  It  is  subject 
to  all  the  effects  discussed  above  for  sunlight,  but  in  addition  is  also  modified 
by  the  selectivity  reflective  characteristics  of  the  lunar  surface  (see  Fig.  8) 
and  the  attenuation  of  the  inverse  square  of  the  path. 

For  detailed,  precise  calculation,  all  this  must  be  considered.  The  con¬ 
sideration  of  these  factors  resulted  ir.  a  discrepancy  (somewhat  less  than  a  factor 
of  two)  between  the  relative  value  assigned  to  moonlight  in  this  report  (2.3  x 
10~6  of  solar  illuminance  for  tne  equivalent  solar  angle)  and  the  3.0  x  10~6  used 
in  the  data  of  Brown.  We  have  adjusted  Brown's  data  accordingly  in  our  calculations, 
but  have  not  modified  his  material  reproduced  in  the  Appendix. 
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FIGURE  8  Relative  Spectral  Reflectivity  of  the  Moon 
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PART  J:  NATURAL  ILLUMINANCE  LEVELS 

In  nature,  the  range  of  illumination  extends  from  10,000  foot -candles ,  occurring 
at  high  noon  in  clear  sunlight  (the  sun  produces  an  illuminance  of  approximately 

12 ,  S00  foot -candles  above  the  earth's  atmosphere),  down  to  10  foot -candles  at 

-4  -5 

full  moon,  10  for  clear  moonless  night  sky  and  finally  10  for  overcast  night 

sky. 

To  have  a  feeling  for  what  these  illuminance  levels  are,  it  seems  proper  to 

give  a  few  examples  of  how  well  one  can  see  and  photograph  at  the  illuminance 

levels.  A  your.g,  trained  observer  can  begin  to  be  able  to  discern  large  high- 

contrast  objects  at  an  illuminance  level  of  10*5  foot -candles.  If  the  illuminance 

-2 

is  increased  by  three  orders  of  magnitude  to  10  foot -candles ,  which  is  the  level 

of  full  moonlight,  seeing  is  much  improved  and  it  may  be  possible  to  make  out 

-2 

large  nevsprint.  At  the  10  foot -candles ,  it  is  barely  possible  to  discern 
color;  a  little  more  than  an  increase  of  one  order  cf  magnitude  is  required  before 
color  can  be  readily  distinguished.  At  this  level  of  more  than  lo"1  foot -candles , 
visual  acuity  becomes  quite  good  and  is  very  high  at  10  foot -candles  (the  level 
of  good  home  and  office  lighting). 
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FIGURE  9  Range  of  Natural  Illuminance  Levels 
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PART  4;  the  CONSTANT  COMPONENT 
OF  NOCTURNAL  ILLUMINANCE 

The  sources  of  passive  light  at  night,  as  pointed  out  earlier,  have  been  divided 
into  two  major  components,  one  being  highly  variable  and  the  other  relatively 
stable.  The  former  is  moonlight,  whose  contribution  we  have  seen  varies  from 
zero  (new  moon)  to  more  than  two  orders  of  magnitude  (full  moon)  greater  than 
a.'  ‘.the r  components  (neglecting  solar  twilight).  The  relatively  stable  component, 
the  light  -of  -the-night-sky ,  is  discussed  in  this  section  of  the  report. 

The  light -of-the-nlght-sky,  recently  reviewed  by  Roach  (1963),  Krassovsky 
and  Sefov  (1965),  and  others,  consists  of  three  major  sources;  astronomical, 
interplanetary,  and  geophysical.  In  picking  out  the  relevant  information  and 
numbers,  the  units  used  by  each  author  will  be  given  in  the  text  but  in  the  charts 
and  table",  of  summary  these  are  converted  as  necessary  and  only  the  more  commonly 
used  units  will  be  given.  For  example,  Roach,  in  discussing  the  approximate 
visual  r.  diation  at  various  locations  in  the  universe,  uses  as  a  unit  of  luminance, 
S1Q(vis),  the  "number  of  10th  magnitude  (visual)  stars  per  square  degree"  as  shown 
in  Fig.  10  (from  Roach,  1963). 

In  the  work  here  we  are  concerned  mainly  with  the  column  on  the  extreme  right. 
Of  the  451  S1Q(vis)  units,  301  are  of  astronomical  and  interplanetary;  150  Slr)(vis) 
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units  or  one-third  of  the  visible  light-of -the-night-sky  is  of  geophysical  (air¬ 
flow)  origin.  On  a  moonless  night,  then,  these  sources  of  light  provide  the  flux 
by  which  to  see. 

However,  as  is  well  known,  these  sources  and  the  airglow  irradiate  the  earth 
throughout  the  visible  region  and  well  into  the  infrared,  as  is  shown  below  with 
an  irraaiance  level  several  orders  of  magnitude  higher  than  in  the  visible. 

The  nightglow  (treated  in  the  authoritative  book  by  Chamberlain  (1961),  and 
others'1)  includes  strong  emissions,  both  atomic  and  molecular  through  the  visible 
ar.d  well  into  the  infrared  as  shewn  in  Figs.  11  and  12.  For  references,  Figs.  13 
and  14,  reproduced  from  Roach,  show  the  strong  OH  spectral  radiance  distribution 


Roach  (1964),  Krassovsky,  Shefov  (1965),  O'Keefe  et  al  (1963).  Roach  (1963), 
Gush  and  Jones  (1955),  Krassovsky,  Shefov  and  Yarir.  (1962),  Hunter,  Roach 
and  Chamberlain  (1956). 
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FIGURE  \0  Approximate  Luminance  of  Visual  Radiation  ot  Various  Locations  in  the  Universe 

in  S  n  (vis)  Units 
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FIGURE  13  Lilt  of  OH  Bondi  in  Order  of  Wavelength 
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WAVE  LENGTH  IN  MICRONS 


FIGURE  14  Above:  Diitribution  of  Inteniitiei*  ond  Wavelengthi  of  the  Rototion- 
Vibrotion  Bondi  of  OH  in  the  Nightglow;  Obierved  to  about 
1.5  H  and  Predicted  for  Wavelengthi  Longer  than  1.5  4.  Alio, 
the  Abiol  jte  Inteniity  of  the  Thermal  Radiation  from  the  Lower 
Afmoiphere  for  a  Temperature  of  275°K,  a  Slit  Width  of  0.1  ji, 
and  an  Emiuivity  of  0.3 

Bolow:  The  Trarumiision  of  the  Lower  Atmoiphere  vj.  Wavelength 


hVstt  preient  day  terminology  apoliei  tho  term  "intensity* 
a;  in  radiant  inteniity  to  point  source!  too  small  to  be 
resolved.  The  terminology  in  this  table  it  a  quote  from 
the  original  source. 
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from  che  visible  to  4.Sm-  The  lower  section  of  Fig.  14  shows  the  well-known 
spectral  transmittance  curve  of  the  lower  atmosphere. 

Another  source  of  radiation  in  the  night  sky  is  the  phenomena  of  the  aurorae, 
common  in  the  high  latitudes  and  rare  in  che  low  latitudes.  As  interesting  as  the 
aurorae  are,  from  the  geophysical  and  display  points  of  view,  this  source  of  light 
must  be  disregarded  as  too  variable  as  far  as  night  vision  is  concerned.  At  best, 
one  can  consider  the  additional  and  highly  variable  flux  as  a  bonus  for  the  high 
latitude  regions. 


PART  5:  ATMOSPHERIC  TRANSMISSION 


In  the  tables  presentee  herein,  the  data  or.  the  incident  flux  from  solar,  lunar, 
and  other  light  sources  have  taken  into  account  the  transmittance  losses  between 
the  source  and  the  earth's  surface.  In  problems  relating  to  night  vision,  the 
path  lengths  between  target  and  observer  are  relatively  small.  Figure  IS  (taken 
from  Dunkelman,  19S2)  illustrates  that  in  the  visible  region,  atmospheric  trans¬ 
mission  per  se  is  not  a  major  factor  except,  of  course,  where  fog  would  probably 
make  the  general  level  of  natural  night  illuminance  too  low  to  be  useful. 


PART  6:  CALCULATIONS  OF  THE  ILLUMINANCE 
FROM  IHE  SUN  AND  THE  MOON 


The  illumination  reported  herein  is  computed  as  the  sum  of  the  sun's  and  moon's 
illumination,  disregarding  all  other  sources  of  light. 

The  procedure  adopted  basically  is  that  of  establishing  the  relative  positions 
of  the  earth,  sun,  and  moon  at  IS  minute  intervals  over  a  one  year  period.  See 
Part  8  "Computations  for  the  Moon's  and  Sun's  Positions  in  the  Sky." 

Knowing  the  position  of  the  sun  and  the  moon,  the  illuminance  due  to  the 
sun  and  moon  and  their  phase  angles  as  a  function  of  time  is  plotted.  From  a 
knowledge  of  this  geometry,  one  can  use  the  tables  and  curves  of  Dayton  Brown 
(see  Appendix)  to  construct  a  second  set  of  curves  to  represent  the  illuminance 
from,  the  sun  and  moon  separately.  The  values  for  the  full  moon  are  scaled  down 
from  solar  values  by  2.3  x  10~6  and  are  multiplied  by  the  dependence  of  the 
brightness  of  the  partial  moon  on  its  phase  angle  from  the  light  curve  (see 
Appendix).  The  next  step  is  the  summation  of  these  two  sources  to  yield  the 
illuminance  from  the  sun  and  moon,  assuming  no  cloud  cover  (Fig.  16). 

The  cc  mutations  of  illumination  start  at  the  moment  of  the  eclipse  oi 
May  20,  1966,  at  7:50  a.m. ,  Greenwich  time  and  Greenwich  longitude.  Computations 
were  performed  for  three  different  latitudes--#5  ,  3 (f  ,  and  60° --and  at  eight 
different  levels--1.5  x  lo"6  to  1.5  x  10+1--in  lumens  per  square  foot  to  cover 
the  interesting  ranges  of  illumination. 

The  time  for  which  the  illumination  is  greater  than  a  given  level  was  then 
summed  up  over  a  24-hour  period  and  presented  in  hours/day  and  percentage  of  a 
24-nour  period.  When  the  illuminance  passes  through  the  given  light  level,  the 
fraction  of  the  time  for  which  the  illumination  is  greater  than  or  equal  to  the 
given  level  is  found  by  linearly  interpolating  for  the  illumination  in  the  com¬ 
puted  15-minute  interval. 

Refraction,  due  to  the  earth's  atmosphere,  is  neglected  in  the  position 
calculations  and  therefore  the  zenith  distance  used  in  the  i]luminacion  calculation 
is  the  true  rather  than  the  apparent  value.  A  position  error  of  as  much  as  26  arc 
minutes  occurs  when  the  sun  and  moon  are  near  the  horizon. 

The  results  of  these  calculations  are  shown  in  both  plots  and  tables.  The 
upper  set  of  curves  in  the  following  figure  illustrates  -he  zenith  angles  of  the 
sun  and  the  moon  for  one  lunar  month.  The  second  pair  of  curves  indicates  the 
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solar  and  the  lunar  contributions  to  surface  Illumination  whlla  tha  lowar  curve 
represents  tha  solar  plus  lunar  Illumination  as  a  function  of  time,  it  is  q--c 
apparent  that  tha  sun  and  tha  moon  and  tha  contributions  therefrom  to  terrestrial 
t  illumination  follow  a  cyclic  pattern.  Tha  frequency  of  this  pattern  is  different 

>  for  tha  sun  and  tha  moon  so  that  the  solar  and  lunar  contributions  to  terrestrial 

illumination  90  into  and  out  of  phase.  This  results  in  some  rather  striking  effects 
concerned  with  the  number  of  hours  of  terrestrial  illumination  that  may  be  expected 
at  various  levels  of  illumination.  This  may  be  noted,  for  example,  in  the  data 
for  a  full  moon.  In  cases,  however,  where  the  phase  angle  between  the  sun  ar.d 
the  moon  is  small,  such  as  the  beginning  of  that  lunar  month  v'i.e.,  May  20),  one 
can  see  a  very  gradual  decrease  in  the  number  of  hours  at  a  level  as  a  function  of 
increasing  level.  Here  there  is  perhaps  a  shift  in  the  third  or  fourth  place  in 
r  the  period  of  time  concerned  as  a  function  of  level,  while  in  the  case  of  the  full 

moon  (i.e.,  mid-lunar  month),  the  curves  tend  to  be  rather  preclpitious . 
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PART  7:  THE  TABLES 


The  following  tables  are  based  upon  the  calculation  of  illuminance  from  solar  and 
lunar  origins  computed  at  IS  minute  intervals.  These  intervals  are  sorted  into 
groups  lying  above  1.5  x  10*®  foot-candles  at  sea  level,  1.5  x  10~®,  etc.,  to 
1.5  x  10+^.  The  times  in  these  groups  are  summed  and  printed  into  tables  as  the 
number  of  hours  that  illumination  exceeds  the  eight  chosen  levels,  for  each  day 
of  one  year  beginning  with  the  eclipse  of  20  May  1966. 

The  tables  are  again  summed  to  give  the  "Summary  Tables,"  presented  firsc-- 
the  number  of  hours  in  which  the  illuminance  exceeds  the  given  levels  for  each  of 
four  lunar  months.  The  supplementary  tables,  "The  number  of  hours  that  the 
illuminance  does  not  exceed  the  level,"  are  given  for  the  same  four  months. 

The  tables  shown  list  four  significant  figures  in  order  that  valid  trends 
may  be  noted.  In  actual  use,  two  significant  figures  are  appropriate. 

The  calculations  are  based  upon  a  normally  clear  but  real  atmosphere.  For 
the  estimation  of  more  realistic  conditions,  cloudy  skies  may  be  considered  to 
reduce  the  level  of  moonlight  by  ./Iff,  heavy  overcast  by  10. 

To  repeat:  The  values  listed  In  the  tables  may  be  considered  supplementary 
to  the  more  or  less  steady  state  value  of  airqlow,  which  is  approximately  10' 
foot  candles. 

for  most  esses,  airglow  contributions  are  trivial  compared  to  either  sun¬ 
light  or  moon-reflected  sunlight  (moonlight).  Airglow  becomes  of  interest  only 

-4 

when  moonlight  or  sunlight  contributions  drop  to  about  10  lumens  per  square 
foot . 

For  ease  of  envisioning  the  results,  the  tabular  data  is  also  presented  as 
a  series  of  graphs.  In  these  graphs,  and  there  is  one  set  for  each  of  the  three 
latitudes,  wo  plot  the  number  of  hours  per  day  at  each  of  four  levels  1.5  x  10+1, 
1.5  x  10  \  l.S  x  10*\  1.5  x  10*^  foot-candles  for  each  day  of  the  year  beginning 
with  20  May  1966.  Since  the  lowest  light  level  will  be  equaled  or  exceeded  most 
frequently  the  curves  appear  with  that  expected  order:  i.e.,  1.5  x  10*5  is  the 
uppermost  curve  and  L.S  x  lO*1  is  the  lowest  curve,  (Fig.  17). 
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SUMMARY  TABLE  A 


Number  of  hours  per  month  in  which  illunination  at  earth's  surface  on  a  clear 
day  exceeds  a  given  level  for  each  of  three  latitudes. 
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SUMMARY  TABLE  B 


Number  of  hours  per  month  in  which  illumination  at  earth's  surface  on  a  clear 
day  does  not  exceed  a  given  level  for  each  of  three  latitudes. 
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TABLE  1 


Number  of  Hours  in  which  Illumination 
Exceeds  a  Given  Level 


Zero- Degree  Latitude 
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DAY 

or  tmc 

Yf*« 


o»c*te«  th*n 
i.sxioc«r*« 


hours  time  o/o 


JU* 

1 

■JUT* 

4 

JU* 

5 

JUR 

4 

JU  A 

7 

ja*»_ 

r 

JU* 

9 

jl)R~ 

10 

JUh 

11 

~17~ 

JUR 

11 

JTJ*~ 

14 

JUN 

15 

JO*' 

14 

JUh 

3 

juR' 

~  4 

juR 

5 

juR 

6" 

juR 

7 

J'jA 

6 

JUR 

9 

jJR 

10 

juR 

11 

jUR 

12 

jU;- 

;  J 

JUR 

14 

JUR 

15 

JUR 

16 

?*.oe 

?«.eo 

?«.oo 

?i.is 

72.41 
71.47 

?e.*o 

1*.74 

j0,97 

10.20 

17.41 
16.52 
l'5. 64 
14.75 


100. SO 
100.00 
100.00 
♦7, *8 
♦l.l* 
•  0,46 
65.05 
OJ.J4 

70.0® 

75,04 
7|,55 
66.04 
65. l7 
61.44 


GR£iTEH  1H*N 

1.5xl0£*r.2 


1 0 , 4  0 
1  7 , 64 

11.52 

11.51 
H.  51 

11.52 
13.51 
13.4* 
U.47 
11.45 

11.44 
13.42 
11,41 

11.44 


•l .  21 
74,15 
56,34 
5*.  J* 
5*.  J* 
56,11 
56,2# 
56,21 
56.14 
56, go 
55,96 
55,91 
55,96 
55,96 


OOCaTCR  Than 

l.sxioc *r»5 


hours  Tine  o/o 


94.00 

94,00 

94,00 

71,14 

21.17 
71.81 

20.17 
?9.49 
10.7c 
l7,-9j 
17.07 
16,10 
14,92 

14, 7i 


100.00 

100.0$ 

100.00 

96.41 
92.86 
00.10 
04.  »0 
01.11 
77. Oj 
74.99 

71.11 

47 . 09 
62.10 
61.20 


0R£4l£0  7ha* 

l.SxlO£*0-i 


11.1* 

ll.l* 

11.20 

10.20 

11.20 

14.20 

11.20 
11.20 
ll.l* 
16. 1» 
ll.l9 
11,1* 
11.1“ 
11.17 


5*.*7 

54.90 

54.96 
54.99 

54.99 

54.99 

54.99 

54.96 

54.97 
54,96 
54,95 
54. 9J 
54.92 

54.90 


OREaTIR  Than 
l.SxlO£«P.4 


HOURS  tihc  o/o 


24.00 

34.00 

21,62 

*2.0.1 

21.41 

2D.** 

19.77 

10.67 

17.97 

14.99 

15.»« 

14.51 

14.16 

14.11 


100.06 
100,00 
90,40 
•4,81 
*0.11 
•  0.15 
02,17 
78,04 
74,07 
7c,7* 
46,90 
40.47 
54,11 

59.73 


QRCATIH  than 
1.Sx10£xP*0 


12.’6 

12.74 

12.74 

12.75 
12.75 
12.75 

12.75 

12.76 
12.76 

12.79 

12.81 

12.62 

12.84 

12.65 


51,15 

51.10 

51.10 

51.10 

51.10 

51.10 

51.10 
51,1* 
51,21 

51.11 
51,17 
51.6J 
51,49 
51,54 


CREaT£«  Tma A 
1.  SxlOEXO"! 


hours  time  e/g 


24,00 
34,00 
22,59 
21.41 
20.2« 
1*.00 
17.67 
16.46 
14.65 
11. “6 
13  7* 
11.77 
11.7* 
11. “0 


100,00 
100 i oo 

*4,14 

89;  11 

04.14 
70;4» 
74,46 
*0,50 
*1102 
57  ;7* 
57.14 
57.19 
57.44 

57,50 


GKEAU"  1H*4 
I.SxIOExH*! 


12.51 

12.51 

12.51 
12.51 
1? .  51 
12.51 

12.51 
12.A1 
12.5,’ 

12.52 

12.52 
12.51 
12.50 

12.49 


52.19 

52.20 

52.21 

52.21 

52.22 
52,21 
52,21 
52,20 
52,19 
52,17 
52,15 
52,13 
52,0® 
52,05 


i1 
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J  6 


-  ,-J 


►•4 


•Day 

cr  TMf 


GREATER  Th»N 
1.  5x  1  p  t  A 


a»€iTt«  Th*n 

l.Sxl«e**»5 


ORE  A  TER  Than 

l.Sxin|*p.4 


qrCaTeh  Thaa 
l.SxlOEXR-J 


YC*» 

HOURS 

tire  o/o 

HOURS  TlHf  o/fl 

hours  time  o/o 

HOURS 

Ti«r  r/o 

JUK 

17 

14.75 

*1.44 

1  4 , 7 1 

61.28 

14.34 

59.7J 

11.81 

57.55 

JUR 

18 

14.75 

41,44 

14.71 

41.28 

14.3« 

59,75 

13.82 

•7.59 

JON 

19 

14.99 

82,47 

1  4 , 91 

62.21 

14.40 

40 1  81 

13.83 

57,63 

JU* 

2: 

1  5.  o’ 

4?. 78 

1  4.9« 

62.21 

14.41 

60.08 

13. 4« 

57,67 

JO** 

21 

1  6  .  l7 

47,  $7 

15.51 

44.  ?J 

14.47 

60.29 

11.65 

57.72 

JO*" 

22 

1  7.15 

71.45 

14. 7i 

69.41 

14.86 

*i.»e 

13.87 

ST.So 

J'J* 

23 

1  7.99 

74,94 

1  7.67 

7  S  .  4  i 

16.44 

66,  Jo 

13. «1 

57, 9S 

JyN 

24 

1  8 , 85 

78,53 

i  4 , 55 

77.J(i 

17.41 

73,37 

14.01 

56,36 

JU” 

25 

19.65 

*1,89 

1  9 , 3  7 

*0.71 

14.58 

77,63 

15.67 

65,11 

JU* 

28 

50 . 4.< 

«5. 12 

20.1* 

•1.99 

19.44 

8 1 ,  0  7 

17.31 

72.1« 

J  U  N 

27 

21.20 

88.35 

20.94 

87.21 

?0.32 

84,66 

18.60 

77,48 

JU*« 

28 

71 . 98 

«1.S8 

21.7? 

«0.49 

21.1* 

88 , 1» 

19.  7 1 

62.12 

JU'1 

29 

52 . 85 

95.20 

22. 6J 

94.31 

22.05 

91,88 

20.78 

86,60 

JU*> 

10 

2  3  .  71 

98.6’ 

21 . 50 

4  7 , 9  o 

22.94 

95,60 

21.87 

91,11 

Ut£* TEh 

I  Hi  \ 

GRE» ICH 

Than 

GREATER 

THAN 

GHE4l£* 

Than 

1.  Sx  1 1.  E » P« 

2 

1.  Sx  loExP- 

1 

1.  Sx  10EXP* 

0 

l.S>4C£xP*i 

JUO 

17 

13.46 

56 , 01 

13.17 

54.87 

12.86 

53 . 56 

12.48 

52,01 

JU*  ■ 

1# 

13.45 

56, 03 

’3.16 

54.85 

12.87 

53,62 

12.47 

51,96 

JU*. 

19 

13.45 

56,0* 

13.16 

54.8l 

12.88 

53.65 

12.*6 

51.91 

-JUN— 

20" 

13.45 

56 , 0* 

13.12 

54.78 

12.68 

53*66 

12.*5 

51.89 

JU* 

21 

13.46 

56, 07 

13. 1« 

54.74 

12.89 

53,  /0 

12.46 

51,50 

JON 

22 

13.46 

56. 0V 

13.13 

54. 7o 

12.89 

53,73 

12.46 

5  1 ,  »  0 

JUN 

23 

13.46 

5ft.  10 

13.12 

54.65 

12.90 

53,75 

12.«6 

51. »1 

jy.\ 

24 

13.47 

56 , 11 

13. 1U 

54.59 

12.90 

53,76 

12.46 

51  9 1 

JU6 

25 

13. 4? 

56,13 

13.09 

54 .54 

12.91 

53.77 

12.46 

51.91 

jyK  ' 

26- 

13.47 

56,14 

13.0/ 

54.47 

12.91 

53,78 

12.46 

51,91 

JUN 

27 

13. 4* 

56.12 

13.06 

54.40 

12.91 

53,79 

12.46 

51,92 

JU6 

28 

13.4- 

56.16 

13.06 

54.4? 

12.91 

53,79 

12.46 

51,92 

JU6 

29 

13 . 4- 

56 . 16 

13,06 

54,41 

12.91 

53 , 79 

12.46 

51.92 

JC5 

-jo 

13,46 

56 , 1 6 

13 . 06 

54.43 

12.91 

53,79 

12.46 

51.92 

/.ero  deg:  Page  3 


H 


(jqjiTfB  ThaN 

l.SxintxR-8 


aHEiTfR  ThaN 
1. SxlO£XP»S 


greater  th*n 
l.SxiOEXR.4 


q(»E»tEh  Than 
1. SxlOExR®! 


D*T 


or  THE 
Tt*R 

HOURS 

T1HE  o/o 

JUl  1 

94.00 

100.00 

"JTJt - 7 

94,00 

100.00 

JUL  J 

94.00 

100.00 

trot — *~ 

94.00 

100.00 

JUL  * 

91.94 

99,  7’ 

jutr '  s 

92.99 

*5,7* 

JUL  T 

22.21 

*2.04 

JUl — 8 

91.42 

89. JT 

JUL  * 

20.49 

86 , 0 1 

■JUl — nr 

19.86 

82.25 

JUL  11 

1  9 ,  o2 

79.J6 

jut  rz ' 

1  8 . 22 

75,90 

JUL  11 

17.52 

72,  l7 

jut— I** 

16.36 

68,15 

hQURS 

T!«t  0/0 

HOURS 

94.00 

100.00 

24.00 

94.00 

100.00 

24.00 

?4 , 00 

100.00 

24.00 

94.00 

100.00 

24.00 

91.4* 

98. 7i 

21.17 

22.01 

95.05 

29.2» 

91.9* 

*1.45 

2i .  1* 

91.17 

88.10 

20.56 

90.1* 

64.96 

19.72 

l*.6o 

81.86 

18.84 

1  8 , 76 

78.16 

17.88 

1  7 , 09 

74.05 

16.71 

1  * ,  *1 

70.47 

15.22 

15.78 

65.75 

14.3* 

TIME  0/0 

HOURS 

TIME  0/0 

100.00 

22.95 

*5.61 

100.00 

24.00 

lOOiOO 

100.00 

24,00 

100.00 

100.00 

23,18 

*4,59 

94,fJ 

22.13 

*2.1* 

*2.71 

21.07 

87,78 

89.14 

20.01 

81.35 

85.44 

18.  *i 

78, *1 

82,11 

17.71 

7l.8i 

78,56 

16.11 

67,22 

74,51 

14.06 

58.60 

69,71 

11.89 

57,86 

61,42 

11.82 

57,57 

59,96 

13.77 

57,39 

0«E*TEH  Than 

1.SxiOEXP«2 


GREATER  Than 

l.SxiOExP®! 


greater  Than 
l.Sx  10CXP*0 


GREaUh  Than 
l.Sx  ICExP®! 


JUL 

1 

14.72 

*1,32 

JjL  " 

“  2 

18.31 

76,3« 

JUL 

3 

18.73 

78,05 

JUL  ' 

•'  4 

16,31 

67,97 

JUL 

5 

13.48 

56,1’ 

JUL  ” 

6 

H.48 

56,16 

JUL 

7 

13.4’ 

56,14 

JUL 

8 

13.47 

56,12 

JUL 

9 

11.46 

56,0* 

‘jut  lo 

1  3  «  4  5 

56,05 

JUL 

11 

13.44 

56.02 

Jl/L 

12 

11.44 

55,9* 

JUL 

11 

U.43 

55,9* 

jUC~'i<" 

ll.«2 

55,94 

H.08 

54,48 

1/. *1 

11.0* 

54,53 

12.90 

11.10 

54.57 

12. *0 

11,11 

54.61 

12.90 

11.18 

54, «S 

12.90 

11.12 

54.69 

12.8* 

11.13 

54,72 

12.88 

11. 1* 

54,75 

12.88 

-15.V5- 

54,78 

12.87 

11.15 

54.80 

12.87 

11. 1* 

54.82 

12.8‘ 

11.16 

54.84 

12.85 

11.17 

54,86 

12.84 

11. 1’ 

54,87 

12.81 

51,78 

12.46 

51, *1 

53,77 

12,9® 

Sl,9l 

53,76 

53,71 

12,*6 

51,91 

12.46 

51,93 

53.71 

53.71 

12.46 

51,*0 

12.46 

51,90 

51.69 

12,45 

51,89 

53,66 

12.45 

51,89 

53,66 

12.45 

51,86 

53,61 

12.46 

51,91 

53,58 

12,«7 

51,95 

5  j ,  55 

12.48 

51,99 

53,51 

12.48 

52.02 

53,48 

12.49 

52,04 

Zero  deg:  Page  4 


D*v 

ef  tn( 
Yf*« 

JUI  15 
JUL  16 
JUL  17 
JUL  18 
JUL  19 
JUL  20 
JUL  21 
JUL  22 
JUL  23 
JUL  24 
JUL  2  5 
JUL  26 
JUL  27 
JUL  26 


GOEiTFH  Tw»n 

l.Sxl"t»p«6 


hOups  T I  he  n/0 


1  5.2? 
1«.75 
'4.75 
’4.75 
14.75 
•5.41 


i  7 . 97 
i  8 .73 
«  9 . 5  < 
55.41 
51  .?* 
22  .?? 


4J.52 

61.44 

61.44 
61.44 
*1.44 
64.22 

*8 .  o$ 
71 .61 
74,86 
78.06 
'’1.14 
45.12 
*6.51 
a?.S9 


GS£4tE4  T  h  1  f; 
l.Sx  1  ■.£»»'«  2 


JUL  15 
JUL  ‘  16 
JUL  17 

‘JUL - 16  ' 

JUL  19 
■JUL  ‘20 
JUL  21 
JUL  22 
JUL  23 

JUu - 24- 

jul  25 
JUL — 26- 
JUL  27 
JUt  28“ 


13.4/ 

1 3 . 41 

13.41 
13.40 
13.4,. 
13.39 
13.33 
l3.i« 
13.33 
13.4, 
1  3 . 4  1 
13.43 
1  3 , 4  4 
13.46 


55.91 
55,69 
5  S ,  8  7 
55,84 
55,82 
55,79 

55.77 
55.75 

55.77 
55,82 
55,8' 
55,95 
56.02 
56. 0« 


gpeiTfr  Than 
l.Sx  14£Xf»»5 


1  4. 7i 
1  4, 7o 
1  4 . 7  0 
1  4 , 7n 
1  4 . 7o 

14.72 
1  5.65 
•6.8J 
1  7.67 
18. 46 
i«.3l 
90.14 
31.04 
>1  .  96 


TlHf  0/1) 

61.3ft 
41.24 
41.24 
61 . 2  6 
41 . 26 
*1.  J5 
*6  .  OS 
70.13 
73. 6J 

76.93 

*7.45 

*4,op 

•7.67 

91.51 


(i  8  C  i  1  £  w  T  m  *  .M 
1.  Sx  lot  «e-l 


1  3 . 17 

13.17 
13.16 

13.18 


54 . 88 

54 .89 
5  4 . 9  0 
54.ii 
54. 9j 

54.92 

54.92 

84.92 

54.93 

84.93 

54.93 
54. 9J 
54.93 
5«.93 


GREATER  than 
1. Sx  ia£kP«« 


14.32 

14.30 

14.29 

14.29 

14.29 

14.29 

14.42 

15.48 

14.67 

17.67 
18.61 
19.52 
2(1.45 
21  .42 


7  Ilf  0/0 

59,46 

59.58 

59,56 

59,54 

59.53 

59.54 
60,08 
64,49 
69,48 
73,64 
77,53 
81.33 
85,21 
89,25 


GREATER  Than 
l.Sx 10t»P-0 


12.63 

12.62 

12.61 

12.60 

12.79 

12.7b 

12.77 

12.76 

12.75 

12.74 

12.7* 

12.74 

12.74 

12.74 


53.44 
53.40 
S3. 36 
53.32 
53.28 

53.23 

53.19 
53.15 
53,11 
53  ,  S’ 
53.0’ 
53.  j9 
53  .  q9 
53  •  O’ 
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GOCaTeh  Thao 
l.Sx  1  of  irP«  3 


13.  75 
13.73 
13.73 
13.73 
3  3.73 
13.73 
13.73 
13.  7« 

13.76 
14.16 
16.07 
17.53 

18.77 

20.00 


ti«c  e/n 

57.29 

57.22 

57.22 

57.22 

57.22 

57.22 

57.23 
57.25 
57.34 
5’,0l 
66,96 
73.05 
78.21 
83,33 


G«£*T£H  ThAH 

1. 5x  loExP-l 


12.49 

12. 5u 
12.  50 
12.51 

12.51 
12.  5l 

12.52 

12.52 

12.52 
12.52 
12.52 

12.52 

12.52 

12.52 


52,06 
52.06 
52.10 
52,12 
52  1 13 
S2.1« 
52,15 

52.15 

52.16 

52.16 

52.16 

52.17 

52.17 
52,17 


>r>  V  V  V»  A  i  \  u. 


tTOE.Tj'C.TiTfriXm 


J  -r  >'.7 V 


Qftf ATF« 

Tma  * 

B8C*TrR  Than 

GREATER 

Than 

GREATER 

Tma* 

DAY 

1.  Sx  lflt»P»6 

l.SrtnexP- 

5 

1. Sx 10EXP- 

a 

1.  Sx  10EXP*3 

OP  The 

VC  A* 

HOURS  TIhe  o/0 

HOURS  TIhf  0/0 

hours  time  0/0 

hqmRS  Time  c/O 

JUt  2* 
j  (J  L.  JTT~ 

23.21 

96. *« 

72.95 

95.62 

29.42 

93.41 

21.22 

88.4o 

24.00 

100.00 

73.95 

99.8b 

23.43 

97,43 

22.3* 

*3,31 

JUL  31 

-furs — r 

24.00 

100.00 

74,0  0 

1 00 . on 

24.00 

100.00 

23 . 52 

97 ,99 

24 . 00 

100.00 

74,00 

150.0' 

24.00 

103.00 

24.00 

100. on 

auG  2 

||jQ  ) 

24 ,00 

100,00 

74.00 

mo .  u 

24.00 

100.00 

23 . 72 

98,84 

24,00 

100.00 

74.00 

mo. 00 

23.67 

98,42 

22.72 

94,68 

AUG  4 

rmr "  5 
auQ  6 

23.30 

97,90 

23.36 

97.J5 

29.64 

95.17 

21.77 

*0.72 

22.7* 

94,75 

72.56 

94.01 

22.01 

91.72 

20.78 

86 , 56 

21 .99 

91.61 

71.77 

9C.7fl 

21.21 

88,37 

19.75 

82.2’ 

~U)G  ~~  7~ 

21.23 

88,45 

70.97 

87 . 36 

2n.se 

64,93 

18.60 

7  7 , 5  n 

AUG  8 

AUG"  9 
AUG  10 
AGG  IT" 

20.45 

85.22 

70.18 

*4 . 07 

19.47 

81,14 

17.12 

7 1 , 34 

1  9 ,60 

81.67 

i9.32 

*0.48 

18.46 

76,99 

15.02 

62,60 

18.70 

77,92 

i8,38 

76.59 

17.35 

72,29 

13.84 

57,67 

1  7 . 7 1 

73.81 

i7,3S 

72.30 

15.95 

66,46 

13.73 

57.20 

GREaTEh 

Tma* 

GREAUR 

1  han 

GREATER 

Than 

GMIAUh 

1  HA* 

1. Sx 1G£  xP«2 

1,  Sx ioexp»i 

1.5xl0EXP*0 

l.SxlOExP 

*1 

jut  29 

13,47 

56,11 

13,18 

54.93 

12.74 

53,0* 

12.52 

52,17 

"JUt — 3  O' 

13.46 

56,10 

13, 16 

94.93 

12.74 

53,0* 

12.52 

52, 17 

JUL  31 

1  7  ,  gS 

7  0 , 9  7 

13. 1« 

54.93 

12.74 

53,0* 

12.52 

52, 17 

auG  1 

1 9  ,  o  5 

79,39 

13.18 

54.92 

12.74 

53,0* 

12.52 

52,17 

AUu  2 

1 8 , 29 

76.1’ 

13.19 

54,92 

12.74 

53, p* 

12,52 

52,17 

auG  3 
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.4.69 

41 .2" 

14.21 

59.2i 

13.71 

57.13 

OCT 

14 

14.7-1 

41.43 

<4.69 

41.7" 

14.21 

59.21 

13.70 

57.10 

OCT 

15 

14.74 

4  1.43 

<4.49 

41.2" 

14.21 

59,2i 

13.7o 

57.09 

OCT 

16 

«  4  .  7- 

41.44 

<4.69 

41.2* 

14.21 

59,25 

13.7o 

57.09 

OCT 

1/ 

i  5  .  A  » 

*0.14 

•4.96 

45.39 

14.2* 

59,35 

1 3  .  7  r, 

57.09 

OCT 

18 

i  j.*i 

69 . 31 

16.1* 

*7.3* 

14.44 

*0.17 

13.71 

57.11 

OCT 

19 

iTio1- 

7  3.  S* 

<7.27 

71  .  9» 

15.93 

46.34 

13.75 

57.16 

OCT 

20 

77.80 

<«.35 

76.4* 

17.35 

72.27 

13.  74 

57.26 

G*  t  4  T  E  H 

Than 

GOE  4 1  £  B 

Than 

GWEaTEh 

Than 

GRtATEH 

Than 

1  Sxl  i'£XP* 

2 

1. Sxl0£*8« 

1 

1.  Sx  1 OE * 9 ♦  0 

1.  5x1  OEkh 

*1 

or  r 

/ 

13.30 

55,40 

13.1* 

54.82 

12.7* 

53,07 

12.51 

52,11 

<>CI 

A 

13 , 3u 

55.42 

13.16 

54,8i 

12.74 

53,07 

12.50 

52.10 

oc  r 

t 

13.31 

55,48 

13.15 

54.8o 

12.74 

53, 07 

12.50 

52, 0» 

OCT 

1  '» 

13 . 35 

55,50 

13.15 

54.79 

12.7* 

53 . 07 

12.50 

52.07 

ucr 

1  t 

13.33 

55,5* 

13.15 

5« .  78 

12.74 

53.07 

12.49 

52,05 

<»CT 

1  i 

13.3* 

55,58 

13.14 

5«  .  76 

12.74 

53,07 

12.«» 

52,02 

ucr 

1  3 

13.35 

55,63 

13.14 

5«.75 

12.75 

53.14 

12.48 

52,00 

ucr 

13.3* 

8.  .67 

13.14 

54. 7J 

12.77 

53.20 

12.47 

51.98 

or.  r 

15 

13. 37 

55.7o 

13.13 

44. 7i 

12.76 

53.25 

12.47 

51.95 

OCT 

1* 

13.36 

55.73 

13.13 

54.69 

12.79 

53,30 

12.46 

Si, 9£ 

ocr 

1  7 

13.3* 

55,76 

13.12 

54,67 

12.80 

53.34 

12.45 

51.89 

OC! 

14 

13.39 

55.79 

13.12 

54.65 

12.81 

53.38 

12.45 

51,86 

OCT 

19 

13.40 

55,81 

13.11 

54 .6  3 

12.82 

5i,4i 

12.44 

5l,8b 

ocr 

5  0 

1  3 . 4  a 

55,84 

13.11 

54.6« 

12.83 

53,45 

12.44 

51,85 

Zero  deg:  Page  1 1 


0*EATfR  Th*n  oREaTe*  Than  greater  Than 

l.Sxii't*e«*  1.5xl«CKR*3  1.5xi»'t*P-« 


OBCaTeH  ThaA 

l.Sx 


day 

OF  The 


TEA" 

mQI'RS 

TIHC  0/0 

OCT 

21 

19.66 

81, 

,•1 

-on — rr 

70 . 55 

83, 

,42 

OCT 

23 

71.46 

09 

,43 

-pci — 

2T 

72.24 

9j 

.*7 

r;T 

25 

73.00 

95 

.82 

oct- 

26 

73.76 

99 

.0’ 

OCT 

27 

74 .00 

100 

.00 

OCT 

2> 

74.0" 

100 

.00 

OCT 

29 

74.00 

100 

.  00 

BTT“ 

30 

74,  CP 

100 

.  00 

OCT 

31 

74.0? 

100 

.00 

NOV 

1 

73 .2* 

*6 

.82 

NOV 

2 

72.25 

»2 

.6» 

HOT-" 

“3 

71.2’ 

86 

.72 

HOURS 

TShe  0/r 

HOURS 

19.36 

80.68 

18.34 

70.31 

64.64 

14.64 

71.20 

68.54 

20.63 

72.05 

91.86 

21.32 

72.87 

«S.3n 

27.37 

71.65 

48.34 

73.1’ 

74.00 

100.0? 

74.00 

74,00 

100.00 

24.00 

74.00 

loo . on 

24.00 

74.00 

100.00 

24.00 

73.97 

49.87 

23.41 

73.02 

95.9? 

2?. 44 

72.06 

»1  .*1 

21.43 

71.07 

67.76 

20.40 

HE  0/0 

HOURS 

TINE  C/0 

77.27 

14.90 

62.09 

61,88 

17.19 

71.61 

85,93 

18.77 

78.22 

89,67 

20.02 

85. 40 

93,2? 

21.11 

87,96 

96,61 

22.12 

52.17 

100.00 

23.o« 

46.01 

100,00 

24.00 

100.00 

100,00 

24.00 

100.00 

130,00 

23.46 

97.75 

97,35 

22.39 

95.31 

93,41 

21.23 

86,47 

89,21 

19.97 

83.20 

63,00 

18.6J 

77.62 

GHEAttK  Than  GREATER  Than 

1.Sx10E*P«2  1. Sx  lot *P*1 


ORE  ATE R  THAN  OREaTEH  Than 

i. 5x  1 OE *P»  0  1.5X  10txH«l 


net  21  1 3 i A 1  5S.B0 

nCT’  22  lJ.Al  55, «« 

SCT  23  13,42  »5, *0 

OCT"  24  U,41  55,58 

OCT  25  13,43  35,44 

OCT  26  13.43  95,4* 

OCT  27  16.60  69,16 

rCT  26  1»,0«  79,32 

OCT  29  l9 , 7 o  82,10 

OCT-30'  17.52  72l99 

OCT  J1  13.46  56, O’ 

NOV  1'  1 3 , 46  56,0* 

nOV  2  1 3 . 46  56,0® 

NOV - 3"  13.46  56,0* 


13.10 

54,00 

12.83 

13,10 

54.59 

12.64 

13.10 

54.57 

12.65 

11.09 

34,56 

12.65 

13.0* 

54.35 

12.85 

13.05 

54.54 

12.06 

13.0* 

5«.3S 

12.6* 

13.00 

54,51 

12.80 

14.08 

54.49 

12.67 

l3.0» 

34,47 

12.67 

13. 07 

54,47 

12.67 

13. 07 

54,47 

12.67 

13. 07 

54.47 

12.67 

13.07 

34.47 

12.67 

55,47 

12.45 

51,86 

53,50 

12,45 

51,66 

54,53 

12.45 

51,6* 

55,54 

12.45 

51,67 

54,36 

12,45 

5i,«7 

53,57 

12.45 

51,87 

54,59 

12,45 

51,67 

54,60 

12,45 

51,68 

54,61 

12.45 

51,88 

53,62 

12.45 

51,66 

53,61 

12.45 

31,63 

53,63 

12.45 

51,68 

53,64 

12.45 

51,88 

53,64 

12.46 

51,86 

Zero  deg:  Poge  12 


G^EaUR 

Than 

G«E4Tc» 

THAN 

GREATER 

TMA* 

GREATER 

Tha* 

l.Sxl  vM- 

6 

l.Sxl*E*P*5 

X.Sx  lot xp* 

4 

l.SxinEvR* 

3 

OAV 

OP  THE 

TEA" 

mO''MS  TIm£  o/O 

mOIIRS  time  Q/n 

HOURS  T  t  *£  0/1 

HQ1IWS  *  iMf  f/fl 

MOV 

4 

20. J7 

64.86 

20.10 

63.71 

19.36 

60.74 

17.2.1 

?1.8n 

MOV 

5 

1  9 . 44 

61.  Ol 

t«.l5 

79.76 

16.35 

76,44 

15.53 

64. 72 

MOV 

6 

18,46 

77.06 

18.21 

75.39 

17.34 

72.24 

11.9* 

58.09 

MOV 

7 

7J.76 

l7.3* 

72.4(< 

14.25 

67. 7i 

13.86 

47.74 

MOV 

a 

16. 9r 

7(1 , 41 

16, 5l 

*6 .77 

14.90 

62,40 

13.»1 

57.54 

MOV 

9 

<  6  .  n  * 

46.82 

15.55 

64,76 

14.36 

59,84 

13.79 

5  7.45 

MOV 

10 

•S.l7 

*3.23 

14. 7l 

61.27 

14.31 

S»  ,61 

U.  7  8 

57.4? 

MOV 

11 

14.74 

61.44 

1  4 , 7  0 

*1.24 

14.30 

59 , 58 

13.7" 

57.4? 

MOV 

12 

14,74 

M  .  44 

1  4 . 7  n 

61.24 

14 ,3c 

59 , 54 

13.7* 

57.43 

MOV 

IS 

14.74 

*1,*4 

1  4 . 7fl 

41.24 

14.30 

59.59 

13.78 

57.4  J 

MOV 

14 

1  4 , 7  < 

*1.4* 

1  4 . 7  0 

61.25 

14.3c 

59.6o 

11.  79 

57.44 

MOV 

15 

i  5.1® 

*3.27 

1  4 . 7 1 

61  .  Jl 

14.31 

59,64 

13.79 

57.44 

MOV 

16 

14. ?7 

*7.78 

(5.74 

45.57 

14. *1 

60-03 

13.79 

57.4* 

m07 

17 

1  7. 

7?.2« 

16. «4 

70.66 

15.35 

63,94 

13.8.) 

57.49 

GUE  4  Tt  w 

T  Ml  4N 

G»EA l£K 

Tmam 

greater 

Than 

GREA '£« 

THa* 

1.  Sxi  .  E  IM¬ 

■2 

1. SxlCExP»l 

1. 5x1 CE 1R1 

>0 

1. 5xlufc*K*t 

MOV 

4 

IS.  4b 

56,05 

13,07 

54,47 

12.86 

b3  1  6b 

12.45 

51,89 

MOV 

5 

13.45 

56,03 

13,06 

54,46 

12.80 

b3 . 6S 

12.45 

51,89 

f.OV 

6 

13.44 

56 , 02 

13.00 

54.49 

12.86 

b3 , 65 

1  2  ;  4  5 

51.89 

MOV- 

*  7" 

13.44 

56,01 

13, 0» 

54,5r 

12.86 

53,65 

12.45 

51.89 

MOV 

a 

13.44 

56,01 

13.06 

S4.S1 

12.86 

53,66 

12. AS 

51,89 

MOV* 

9  - 

13.44 

56,01 

13. 09 

54.53 

12.86 

53,66 

12.45 

51,89 

MOV 

10 

13.44 

56.01 

13.  ov 

54 . 54 

12.86 

56 , 66 

12.«5 

51,89 

MOV 

it 

13.44 

56,01 

13.  0» 

54.56 

12.86 

53,65 

12.45 

51,89 

MOV 

12 

13.44 

56.01 

13,10 

54.58 

12.86 

53,65 

12.45 

51,89 

MOV*" 

~13~ 

13.44 

56,01 

13.10 

54,60 

12.86 

53,65 

12.45 

51,89 

MOV 

1* 

13.44 

56.01 

13.11 

54.6? 

12.86 

53,65 

12.«5 

51,89 

MOV - 15 

13 , 44 

56 ,01 

13.11 

64.64 

12.6/ 

53.64 

12.45 

51,88 

MOV 

16 

13.4* 

56,00 

13.12 

54.66 

12.87 

53,64 

12.45 

51,88 

MOV* 

17 

13.4* 

56,00 

13.13 

54.69 

12.87 

53,63 

12.*5 

51,88 

Zero  deg:  Page  13 


Qor*TfR 

Than 

bbcaTc" 

Than 

GREATER 

Than 

GREATER 

Tran 

l.SxinExP«6 

1.  5xlO£XP«5 

l.SxlOEXP. 

4 

l.SxinExR- 

3 

DAY 

or  THE 
HD 

mOi'RS  T I  he  (I/O 

HOURS  TIhe  0/n 

HOURS  THE  o/o 

HOURS  TIRE  f/n 

OV  IB 

av 

OV  20 
gV — 2T 

1  6 . 3? 

76.32 

17.98 

74.41 

16.92 

70.49 

13.61 

57,55 

1  4.23 

*0.11 

li.»5 

78.96 

18.15 

75,63 

14.10 

58,74 

20 .11 

83.79 

19.66 

82.74 

19.19 

79,94 

16,46 

68,60 

20. *3 

87.22 

20.68 

66.16 

25.10 

83,75 

18.12 

75;  52 

OV  22 

OV  '  23 

21 . 70 

90.42 

21.45 

69.36 

20.«5 

67,28 

19.34 

80.57 

22.44 

«3.58 

22.21 

92.35 

21.75 

90.64 

20.41 

85.05 

OV  24 

23.22 

96.76 

22.98 

95.73 

22.55 

93,95 

21.41 

89.21 

.OV  25 

23. 94 

94.95 

21.62 

99.23 

23.38 

97,4? 

22.37 

93.20 

-  OV  24 

24.00 

100.00 

24.00 

100.00 

24.00 

100.00 

23.34 

97,24 

OV — 27 

24.  on 

100.00 

24.00 

loo. on 

24.00 

100.00 

24,00 

100.00 

■  OV  2® 

24  .  on 

100.00 

24.00 

l no .  on 

24.00 

100.00 

24.00 

100.00 

OV  29 

24. 0r 

100.00 

24.00 

ino.on 

24.00 

100.00 

22.84 

95.15 

OV  30 

-nr-i 

23 .  sn 

97.90 

23,36 

97 .29 

22.80 

95,00 

21.68 

90.31 

22.5’ 

«4. 03 

22.37 

93.21 

21.79 

90.80 

20.47 

85.27 

GBE/ttH 

Th*n 

greater 

Than 

GREATER 

Than 

greater 

Than 

l.Sx 10EXP 

•2 

l.SxlOEXP-l 

1.  5x1  OE * P* 0 

1.5x  10EXR 

*1 

•.OV  10 

13,44 

56 ,  C  0 

13.13 

54. 7i 

12.87 

63,42 

12.45 

51,88 

nOv  1« 

13,44 

56,00 

13.14 

54.74 

12.87 

63,60 

12.46 

51,68 

SOV  20 

13.44 

55,99 

13.14 

54.77 

12.86 

53,59 

12.45 

51,68 

‘.OV—  21 

13,44 

55,99 

13.15 

54.74 

12.86 

53,58 

12.46 

51, *1 

nO  v  22 

13,44 

55,98 

13.16 

54,82 

12.85 

53,54 

12.47 

5l,»4 

vOV  23 

13,46 

56, 0« 

13.16 

54,64 

12.65 

53,54 

12,47 

51,97 

sOv  2* 

13, 4« 

56,23 

13.17 

54.86 

12.84 

53,51 

12,48 

52,00 

SOV  25 

13.51 

56,30 

•3,17 

64.88 

12.84 

53,49 

12.49 

52,03 

‘OV  26 

17,59 

73,28 

13.17 

54.89 

12.83 

53,45 

12.49 

52,06 

*.OV  27 

1  9 , 30 

80,40 

13.18 

54.9c 

12.82 

53,42 

12.80 

52,09 

K.OV  2  6 

18.2’ 

76,12 

13.18 

54.92 

12.81 

53,36 

12,51 

52,11 

,.OV' ‘ 2* 

13.46 

56,0* 

13,14 

54.93 

12.80 

53,34 

12.51 

52,14 

kOV  30 

13,46 

56,0® 

13.19 

54.94 

12.7V 

53,40 

12.82 

52,15 

PEC  1 

13.47 

56,13 

13.1’ 

54.96 

12.78 

63,24 

12.62 

52,17 

Zero  beg:  Page  14 
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ZozilrH 

T**r. 

Q»e*Tf k 

Tm*k 

OPCaTEB 

Tha* 

0»£a7em 

l.Sx  1 '  fx*® 

6 

l.Sx  ln£*t»e 

5 

l.Sx  14EXP- 

4 

l.Sx  t"C*P- 

3 

•  OA” 
oft  r«e 

re* 

* 

i  c‘'Hc  tlHf  r/o 

MC'IPS  IlHF  0/0 

PO'i^S  Tjae  o/n 

KQI'MS  T  I HF  r/0 

PEC 

2 

9)  .  A? 

’0.2* 

71.41 

89.24 

26. #2 

06 . 76 

19.27 

80.29 

nec 

3 

?  0  .  V 1 

70.47 

hi.  S'. 

19.89 

82.87 

18. 06 

75.26 

PEC 

4 

1  9 . 4  .» 

Pj.03 

•  9.04 

4  1  *  9  7 

1  *  .*  7 

79, 06 

16.70 

69.56 

PEC 

4 

1  9  i! 

79,47 

1  e.as 

78.57 

18.07 

75,30 

14.94 

62.26 

ncc 

« 

i  n .  ?« 

74.  JO 

1  4 . 0  7 

75.  j» 

17.12 

/'I  .  35 

13.92 

58.0? 

PEC 

7 

«  7 . 4" 

77.87 

*  7.1*1 

’I  .  in 

15.99 

66 ,63 

13.76 

57.34 

sec 

a 

i  6  .  7  '• 

49 , 59 

1  6.2W 

4  7.87 

14.52 

60 . 5l 

13.  / 4 

57.26 

PfC 

0 

1  «  .  8? 

3  f  ,  9  0 

'  5.  1« 

43. 2« 

14.37 

59.6-* 

13.74 

$7.26 

P£C 

10 

M  ,»7 

1  4 . 7 1 

41. 2® 

14.32 

19.6  8 

13.74 

57.25 

PEC 

li 

1  4  ,  7- 

4l  .44 

1  4. 7i 

41.2* 

14.31 

59.6,3 

13.74 

57.2* 

n£C 

12 

4  1  .  44 

1  4. 7l 

41.2" 

1  4  .  57 

59.6  6 

13.  /5 

57.27 

PEC 

13 

1*,®9 

4,  ,44 

i  4. 7, 

*1.24 

14.3/ 

59.67 

13.  / 6 

57.3* 

nec 

l« 

4  4  ,  U  1 

41,7" 

14.  /*, 

*:  .?o 

14,33 

39  .  7? 

13.78 

57.41 

ccc 

15 

1  i.9r 

54.45 

1  5.26 

4J.5/ 

!*.37 

59.87 

13.80 

57.56 

QAtA  T  t  * 

1  *4*1 

fiS£A ItH 

Imam 

flue  A  TEA 

Ihan 

GPEA ItP 

TpaA 

1.  Sx  I:  £>P 

•2 

1. 5/.10E  tt> 

•1 

1.  Sxl  ut »(' 

*0 

1.  SxloExti 

•1 

nec 

2 

13.44 

54.15* 

1  3.19 

54.97 

17.76 

53,19 

12.52 

52,18 

nec 

3 

13  .  «« 

Se.i* 

*4.19 

54.97 

12.75 

63,12 

12.53 

52,19 

PEC 

4 

11.4" 

56.17 

1  3. 1* 

84.98 

12.74 

53,10 

12.53 

52,21 

nec  " 

"  5* 

13.47 

56,13 

1  3 ,  2  o 

5«.98 

12.7* 

53,10 

12.51 

52,21 

nec 

6 

13.47 

56.11 

13.20 

54.98 

12.75 

53,10 

12,53 

52.22 

nec 

7 

13.4* 

54  .  a* 

>3.20 

54.99 

12.75 

53,10 

12.53 

52.22 

nec 

a 

13,40 

56 , 06 

:3.2u 

54.98 

12.75 

53,10 

12.53 

52,21 

nec 

9 

13.40 

96.06 

•  3.20 

54.98 

12.75 

53,11 

12.53 

52.20 

nec 

10 

13.47 

56,0* 

1  1.19 

54,97 

12.77 

53,19 

12,53 

52,19 

nec 

11  ' 

13.44 

56,01 

13.19 

54.97 

1?.  7b 

53,27 

12.52 

52,18 

P  ec 

12 

13.43 

55,9/ 

13.19 

54.98 

12. 80 

53,34 

12.52 

52,16 

nec 

13 

13,4/ 

55, 92 

13.19 

54.94 

12.82 

53.40 

17,51 

52,14 

nec 

1« 

13.43 

55.94 

1  3 .  ie 

54.95 

12.83 

63.46 

12.51 

52,11 

nec 

13 

13.43 

55,9/ 

1  3. IB 

5<*.9i 

12.84 

53,51 

12.50 

52,07 

Zero  deg:  Poge  15 


c»£*tr»  than 

1.5xtoF*R«6 


8*t*TE«  Tha* 

1.5xin£xR»5 


QPEATtB  Than 
l.SxinEiP.4 


GREATER  Th*k 

i.sxioe<H.j 


o*t 

Of  TME 

YE»» 


mOI'RS  Uhe  n/o 


DEC 

16 

DtC  17 

DEC 

16 

-ere- 

19" 

DEC 

20 

net 

21 

n£C 

22 

DEC 

23 

PEC 

24 

tire"' 

2T 

dec 

26 

ntc~ 

■  n 

DEC 

26 

ere-  2r 

16.9S 

TO. 63 

i  7 ,8« 

74.53 

1  6 .7? 

77.98 

19.46 

«1.1» 

70.24 

64.3* 

71. 0r 

87.48 

71.64 

•l.Ol 

72. 7n 

94.57 

71.49 

«7.8« 

04 . 0n 

100. 00 

74,00 

100.00 

74 . 0  r 

100,00 

?4.on 

loo. oo 

74.00 

100.00 

QBE ATEM 

Than 

l.SxlOEXR*2 


pec 

16 

13,44 

56,00 

PEcr— 17 

13,45 

56.02 

PEC 

18 

13.45 

56, 0> 

‘PEC 

19' 

13.46 

56,0* 

PEC 

20 

13.47 

56,11 

PtC 

21 

1  3 « 47 

56,13 

PEC 

22 

13.46 

56.15 

p£C 

23 

1J.48 

56.17 

rtc 

24 

13.4* 

56,17 

rEC- 

25' 

13.48 

56, 1? 

nEC 

26 

1 7 , 8  9 

74,56 

PEC  “ 

27  ' 

18.85 

78,5* 

PEC 

28 

16.81 

7  0 « 03 

DEC' 

"29“ 

13.48 

56,  l7 

MOU«S  TIME  0/0 


HOURS  TIRE  O'C 


16.49 

17.52 

i8.42 
if  .21 
20.02 

70.52 

21.  *5 

72.44 
71 .  34 
74.00 
7*  .  OC 
74.00 
74.00 
71.  *0 


66. 70 
7 ? .  on 

76.71 
80.05 
81.41 
86.77 
•  0.1? 

•  1.46 

•  7.25 
100.00 
loo . on 
100.00 
loo.on 

•  f  .60 


GREATER  than 

l.SxlOEXP*! 


1 1.1’ 
ll.i’ 
ll.l» 
11.15 
11.14 
13.13 
11.12 
li.ll 
11,10 
ll.of 

li.o’ 
1  1 . 06 
11.06 
1».06 


54.89 
84.66 
54.81 
**  ,«0 
54.76 
54.7? 
54  .67 
54,61 
54.57 
54.51 
54.44 

54.41 
54.4J 

84.41 


14.49 

16.22 

17.46 

18.45 

19.35 
20.1* 
?1  .  03 
2i.ee 
2  Vv 
21.72 
24.00 
24.00 
24.00 

21.35 


60.36 

67,96 

72,74 

76.06 

80,61 

84,14 

87.62 

91.18 

94,94 

98.82 

100,00 

100.00 

100.00 

97,29 


QBE ATZR  Than 
l.Sx  10£*P*0 


12.85 

12.66 

12.67 

12.6* 

12.69 

12.69 

12.90 
12. *0 

12.90 
12. *1 
12. ’1 


51.56 

51.60 

61.61 
51,67 
51,69 
51, 7t 
53,74 

54.76 

51.77 

51.78 
54 ;  78 


12. ’1  51,79 


61.79 


HOURS  Tint  r / 0 

11.81  57.62 

11.86  57.84 

11.96  58,15 

15.29  81.72 

17.10  71.25 

18.43  76. 8n 

19,54  81.41 

20.60  85.81 

21.67  90.30 

22.74  94 , 76 

24.00  100.00 

24.00  100.00 

21.39  97.46 

22.30  02.91 

QREAUh  than 
I.SxIOExR*! 


12.49 

12.48 

12.47 

12.45 

12.45 

12.46 
12.46 
12.46 
12.«6 
12.46 
12.46 
12.46 
l2.*6 
12.46 


52,04 
5l,»* 
61, *4 
51,69 
51,69 
51, »0 

51.91 
5l,»l 

51.91 
51, *1 

51.92 
51,92 
51,91 
51,  »2 


Ze  U)  dog:  Page  16 


GBF  A  Tf W 

Than 

*.Of  *T£H 

Than 

QB£  A?ER 

Than 

G2E  aT£N 

Tha* 

1.5x1  ('£»?* 

4 

1.  5xln£xP»5 

l.Sx  10£Xp, 

-4 

l.Sx  i'.E*H» 

3 

DA  t 

or  The 

yeas 

hO"HS  Hke  n/0 

hours  Tlxr  o/d 

HOURS  Tlir  o/o 

hours  T I Hf  r/n 

ncc 

30 

53  .  2* 

9  6,71 

22.  5 

95.61 

22.40 

93.35 

21.23 

88.44 

ncc 

31 

22.31 

9?. 96 

22.12 

«2.16 

21.53 

8»  ■  6* 

20.16 

83.98 

J*N 

1 

21.49 

89,53 

21.27 

88.62 

2*.67 

56,13 

19.0? 

79.46 

JAN 

2 

7  0  .  7  3 

86.37 

20 . 44 

*5.28 

19.85 

82,69 

17.92 

74.66 

J*N 

3 

1  9 . 97 

8J.21 

19.69 

*2.0* 

18.98 

79.08 

16.46 

68.5* 

JAN 

4 

1  9 . 2  r- 

8  0  .  0  2 

18.9! 

78 . 8« 

18. 05 

75.21 

14.3? 

59.89 

JAN 

5 

1  A  .  4" 

76.6« 

1  8 . 0» 

75.31 

16.98 

7Q.75 

13.92 

58.  oo 

JAN 

6 

1  7 . 49 

72.87 

1  7. 14 

71.4! 

15.64 

65.1* 

13.87 

57.76 

JAN 

7 

1  6 . 5* 

69.01 

16.04 

66,81 

14.42 

*0  ,  O’ 

13.83 

5  7.61 

JAN 

8 

1  5. 4« 

64.54 

<4.72 

*1.3? 

14.3* 

59 . 79 

13.81 

57.55 

JAN 

9 

81.44 

1  4 . 7  o 

*1.2* 

14.32 

59.69 

13. 6c 

5?. So 

JAN 

10 

14.75 

81.44 

1  4 , 7  o 

*1.2* 

14.32 

59,67 

13.79 

57.46 

JAN 

11 

1  4 , 7  * 

*1  .44 

1  4 , 7  n 

*1.2* 

14.3? 

S9.65 

13.7* 

57.41 

JAN 

12 

14.75 

81  .44 

M.7o 

61.2* 

14.31 

59.63 

13.7? 

57.36 

GL£  a  T£h 

Than 

GB£*f£N 

Than 

GBEaTEh 

Than 

GR£ A  TEh 

Than 

1.  SxUEAH. 

2 

l.Sx  lOEXP 

•1 

l.Sx  10  Ex  P 

•  0 

1 .  Sxi  0 1  x  P  ♦ 

1 

ecc 

30 

•3.46 

S6.1' 

i  3  06 

54.42 

12.  Vi 

53.  78 

12.46 

Sl,9i 

dIC 

lJ.44 

56,16 

13.07 

54.48 

12.91 

53.78 

12.46 

51,9! 

JAN 

i 

i3.*e 

56,15 

13, 0« 

54.53 

12. »u 

53,77 

12.46 

5l,9l 

•jrw— 

"—7* 

13.47 

56,13 

13.10 

54.58 

12.90 

53,75 

12.*6 

51, »1 

J  AN 

3 

13.47 

56.11 

13.11 

54.63 

12.90 

53,7* 

12.46 

51, ’0 

-JITN"- 

13.4* 

‘6,09 

13.12 

54,67 

12.89 

53,7? 

12.46 

5l,«0 

JAN 

9 

13.46 

56. 0; 

13.13 

54.7o 

12. BV 

53.7o 

12.46 

51,  *o 

JAN- 

— 8~ 

13.45 

56,05 

13.1* 

54.7J 

12.88 

53,67 

12.45 

51,89 

JAN 

7 

1  3 . 4  5 

56.04 

13.14 

54 . 76 

12.88 

53,65 

12.45 

51,89 

JAN~ 

— g- 

13.44 

56,02 

13.15 

54.79 

12.87 

53,63 

12.45 

51.89 

J*N 

9 

13.4* 

56.00 

13.15 

54.8i 

12.86 

53,60 

12.46 

51,93 

~JA~N~ 

-nr 

13.4* 

55,9b 

13.16 

54.83 

12.86 

53,57 

12.47 

51,97 

JAN 

it 

13.43 

55.96 

13.1* 

54.85 

12.85 

53,53 

12.48 

52,00 

j  A  n 

~sr 

13.43 

55,94 

13. 17 

54,86 

12.64 

53.50 

12.49 

52,03 

Zero  deg:  Page  1 7 


MY 
Of  T"C 

re*» 

JAN  II 

~JTK~T*- 

J  AN  J5 

jTN--r« 

JAN  17 
J»N  18 
JAN  1# 
JJN  20 
JAN  21 
-jJPT-22 
JAN  23 
JT1T'24 
jAN  2$ 
JIN  “2*  ‘ 


JAN  13 

JAN  'l* 
JAN  1 5 
JAN  16 
JAN  17 
JAN  18 
JAN  1« 
JAN  20 
JAN  21 
JAN-  22 
jAN  23 
jAN  24 
JAN  25 
JAN  '  26 


aO£AYf°  TM*N 
1.  S>ar>E*P»6 


HOURS  time  0/0 

i  5 . 2  ? 

63.41 

16.19 

A7,«T 

1  7  ,  o  1 

’o.bt 

iT.ra 

74,41 

1  6 . 66 

77.73 

1  9 .44 

«1 .00 

70.23 

84.2* 

71.16 

87.91 

71.96 

91.60 

72. 9T 

65.71 

73.4  0 

99,84 

74.0C 

100, 00 

74.00 

mo. oo 

74.00 

100.00 

greater 

T  han 

l.SxiOEXP 

•  2 

nSEATcR  Than 

1. Sx  lnEir^S 


HOURS 

TlHf  o/n 

1  4 . 72 

61 .3? 

18.67 

65.30 

16.67 

69.46 

1  7 , 54 

73.10 

1  8.37 

76.56 

19.17 

79.67 

19.97 

83.20 

70.87 

86.97 

71.74 

40.59 

72. ’I 

94.64 

?S .  7 1 

98.74 

74.00 

1  r,  o .  0  o 

74.00 

100.00 

74.00 

100.00 

GREATER  Than 
l.Sxl0ExP»l 


GREATER  than 
1.  5x  10C*P»4 


HOURS 

tthe  0/0 

14.31 

59,64 

14.41 

60.04 

15.16 

63.18 

16.50 

68,73 

17.54 

73,08 

16.47 

76,94 

19.37 

80.71 

20.27 

64,46 

71.22 

68,42 

27.21 

92,54 

23.22 

96,74 

24.  oc 

100.00 

24.  oc 

100.00 

24.00 

100.00 

GREATER  Than 
1 . 5x1 0  E  *  P  »  0 


GREaTen  Than 
l.Sx  10E*p»S 


hours  TlHf  r'n 

13.75 

57.31 

13.74 

57.26 

13.74 

57.24 

13.75 

57.28 

13.99 

58,28 

15.74 

65,60 

17.29 

72.05 

18.54 

77.26 

19.75 

82.2« 

20.95 

87,30 

22 . 1 4 

92.26 

23,28 

96 ,9e 

24.00 

100.00 

24.00 

100.00 

GPE  a  1 1 " 

than 

l.SxlOExP 

•1 

13 

42 

55.92 

13.17 

54.67 

1 3 

42 

55,90 

13.17 

54.89 

13 

41 

55.86 

13.17 

54.9o 

1 3 

41 

55,86 

13.18 

54.90 

13 

40 

55,  ei 

13.18 

54.91 

1 3 

41 

55,84 

13.18 

54.92 

13 

,44 

55,98 

1 3 . 16 

54.93 

13 

.46 

56,0“ 

13.16 

54,93 

13 

.*8 

56,16 

,3.16 

54.93 

13 

4  9 

56,20 

13.18 

54.94 

13 

.49 

56,20 

13.18 

54.94 

16 

,0« 

67, 0* 

13.16 

54,94 

1 8 

.78 

76,24 

li.18 

54 .93 

18 

.48 

77,00 

13.16 

5«,93 

12.63 

53,46 

12.49 

52,05 

12.82 

53,42 

12.50 

52,07 

12.81 

53,38 

12.50 

52, 0« 

12.60 

53,34 

12.51 

52,11 

12.7V 

53,30 

12.51 

52,12 

12.76 

53,25 

12.51 

52,14 

12.77 

53,21 

12.51 

52.14 

12.76 

53,17 

12,52 

52.15 

12.75 

53,13 

12.52 

52.16 

12.74 

53.0* 

12.52 

52,16 

12.74 

53.0* 

12.52 

52,16 

12.74 

53,0* 

12.52 

52,16 

12.7« 

53.0* 

12.52 

52,17 

i2.7« 

53.0* 

12.52 

52,1? 

Zero  deg:  Poge  18 


s;. 


r.Cf:  Tcm 
1.5x3  f 


*  0  A  V 

or  r*f 

YfiO 


JA* 

27 

JAN 

26 

JA6 

29 

JAA 

30 

.JAS 

41 

PE* 

1 

p£b 

2 

PE6 

3 

no 

4 

res 

5 

re« 

6 

P£6 

7 

P£B 

8 

P£3 

9 

J4». 

27 

j4‘‘ 

28 

JAN 

29 

JA6‘ 

30 

J  4  6 

31 

PEd 

* 

P£" 

2 

p  E  " 

3 

[i« 

4 

P  E  ft 

5 

•  t  8 

6 

PE  o 

7 

PEn 

8 

f  Co' 

9 

M  Q  1  ' 


94.0’ 
?S.7i 
52 .9- 

52.1* 

51  .  *<* 

5  G  .  V' 

1  9.  7* 
i*,9i 
.7.9- 
1  «  .  9a 
<  5.“- 
,4.7- 
14.74 
14.74 

G-'IA  Tfcn 

1. 5x  1  t  x  ^ 

j  5 , 9  r. 

14.44 
14.44 
1  4 . 4  I 

14.4« 

1  4 . 3  7 
14.31 
li.4< 
j  3  .  42 
1  4  .  ii 
1  3 . 4  2 
13.41 
1  4  .  4 1 
l4  .42 


tlH£  P/I) 

1"0 . 00 
94.74 
95.5? 
9?.  32 
49 , 12 
“5.75 
•  p  t  ;»  a 
7«  ,  79 
74.7" 
70.5S 
46 . 1 4 

*1.44 

*1  •  43 

4 1  ,  4  4 
Thai 


46. 2« 
5a ,  0O 
35.96 
55,69 
55. 6i 
55. 7* 
55.64 
55.57 
55.51 

55.49 

55.48 

55.40 

55.48 

55.40 


QO£47F« 

Than 

a»C*TtR 

?H  a* 

QR£  *  7 [ N 

Tna' 

l.SxliFKr- 

5 

l.Sx  ioe»r- 

4 

l.Sx  lfttxr- 

3 

-0')°5  TI«r  0/0 

HOURS  TI*E  0/* 

hquhS  TJhj  r/p 

94.00 

100.00 

24.00 

100. 

00 

22.»« 

93. 

3S 

93.45 

97. 7X 

29.95 

95. 

64 

21.93 

91. 

36 

92.6" 

*  4 , 5 1 

29.15 

92, 

30 

20.’5 

87. 

27 

9  i  ,  9  2 

•  1.3? 

21.35 

66. 

95 

19.9J 

83. 

06 

91.15 

•8.11 

20.52 

85. 

5? 

18. «2 

78. 

*0 

9  j  .  4  4 

•4.77 

19.65 

81. 

89 

1  7  .  *4 

72. 

65 

1  9 . 4ft 

•l  .  1  ft 

1».  7o 

77. 

*9 

15.9? 

64. 

66 

1  o  .  5v 

77.4* 

1 7 . 6  n 

73. 

35 

13.9(1 

«  7  . 

9  J 

1  7.3» 

73.2* 

16.26 

67, 

76 

13.73 

57. 

2? 

,  &  .  4" 

68.65 

14.48 

6  o  > 

38 

13.7  3 

•  7. 

20 

i  s  .  2 1‘ 

*  3  .  3  • 

14.29 

59  . 

54 

13.74 

5  7  . 

1* 

i  4  .  7" 

*1.2* 

14.24 

59  . 

3? 

13.74 

0  7  , 

1  9 

,4.69 

*1.29 

14.23 

59  , 

31 

13.7? 

5  7 . 

1* 

14.69 

*1.29 

14-23 

39. 

3  0 

13.72 

57. 

lR 

:.St4  l£W 

Than 

6H£aU« 

Tha* 

GBEaTE" 

T  "  A  * 

l.smcxr*! 

1.  Sxl&ExR 

*  0 

l.Sx  luExR 

♦1 

14 . 1» 

54.93 

12.74 

54 

.09 

12.32 

52 

.17 

14  18 

34 .93 

12.74 

34 

•  0» 

12.32 

52 

.17 

14.16 

54. 9J 

12.74 

54 

.09 

12.32 

32 

.17 

13.1« 

54.92 

12.74 

54 

.  09 

12.32 

52 

.17 

14.18 

54.92 

12.7“ 

34 

.1)9 

12.52 

52 

.17 

•4.1* 

54.92 

12.74 

54 

.  O’ 

12.32 

52 

.17 

1 4 . 1* 

54.91 

12.74 

54 

.0» 

12.32 

52 

.17 

1 4 .  I# 

54. «1 

12.74 

34 

.  0’ 

12.32 

52 

.16 

1  4 . 1* 

54.91 

12.7* 

34 

.09 

12.32 

52 

.16 

•4.1* 

s«.«0 

12.7* 

54 

.0’ 

12.32 

32 

.16 

i  4  •  1* 

54. V0 

12.  7* 

34 

.0» 

12.52 

52 

.15 

14.17 

54.89 

12.7* 

54 

.  1)8 

12.32 

52 

.15 

1  4 . 1  7 

54.89 

12.  7« 

34 

,  u8 

12 . 32 

52 

.15 

14.17 

54  ,  *6 

12.7* 

54 

.  C* 

12.31 

52 

.1* 
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Qoe»Tr«  Than  grEaTeR  Than  &REATtR  Thau  GREaTe»  Thak 

l.Sxln£*R»6  1. Sx 10EKP«5  l.SxlOEXP-4  1.5xlOExP«3 


Day 


cf  THE 
T|A» 

mO"RS 

tine  r/o 

HOURS  T Imj  o/« 

HOURS  tine  OPfl 

hours  tine  e/o 

rra 

1  0 

14.74 

61.43 

14.69 

61.22 

14.23 

89,50 

13.7* 

57.18 

m — rr 

14,75 

61.44 

14,69 

61.22 

14.23 

59,30 

13.72 

57.18 

r  eh 

li 

15.54 

64.76 

14. «0 

62.09 

14.2* 

.>9,35 

13.72 

S7.17 

?rB' ' 

jj 

1  6 , 4  e 

68.35 

1  5.95 

66.45 

14.41 

60. 05 

13.7? 

57.16 

f  £8 

^4 

1  7  .  ?  J 

71.70 

16.87 

70.2« 

15.5* 

64,97 

13.73 

57.21 

f  £8 

It 

1  7 , 99 

74,97 

1?.7i 

73.79 

16.75 

69,77 

13.74 

97.26 

r£g 

1 6 

1  8 . 9  n 

78.77 

1  8 .61 

77.56 

17.77 

74,05 

14.33 

59.72 

rre 

PEE 

1  * 

1  9 . 7« 

#2.25 

1  9 .49 

81.19 

18.79 

78,2* 

16.2« 

6  7.6? 

18 

2  0.7? 

#6 . 35 

20.46 

85.27 

19.82 

62,59 

17. B5 

74.36 

PEB" 

T* 

?1 .71 

’0.48 

21.45 

89.J7 

20.86 

86, *0 

19.2? 

6  0  •  O’ 

r  Eg 

20 

22.71 

94,61 

22.45 

93.52 

?1  .69 

91.21 

20. 5l 

85.48 

r  E6 

21 

23.68 

98.65 

23.43 

97.67 

22.90 

95,4? 

21.76 

9f,  .66 

PEE 

22 

24.06 

100.00 

24.00 

100.00 

24.00 

100.00 

22.68 

9  5.35 

PET 

71 

24.00  100.00 

GREATER  Than 

1. Sx  1 0E  *H»  2 

24.00  100.00 

GREATER  Than 

1.  Sx  lOEXPel 
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»0''RS  TI«£  n/p 

-0HW5  TInt  n/o 

HOURS  Tire  C/8 

hours 

Tlnf  r/e 

APB 

21 

23.7? 

98.84 

93.47 

67. 8n 

23.01 

95.67 

21.95 

91.44 

APR 

22 

?4.fl0 

10P.00 

24.00 

1*0.00 

24.00 

100.00 

22.88 

95.32 

AP* 

23 

*4,0* 

180, CO 

24.00 

1*0.00 

24.00 

100,00 

24.00 

too. oo 

AP» 

2* 

*4 .  p* 

180.00 

24.00 

1*0.00 

24.00 

100.00 

24.00 

loo.oo 

APR 

2$ 

24  ,  (J* 

180.00 

24.00 

1*0.00 

24.00 

100.00 

23.  7i 

98,79 

ipH 

26 

2  4.0" 

180.00 

24.00 

1*0.08 

21.63 

98.45 

22.63 

94.30 

APR 

27 

2  J  .  4  h 

97,82 

21.21 

96 . 7 o 

2?.  66 

94,41 

?1  .  50 

89. S7 

APR 

28 

22.49 

93.70 

22.27 

92.79 

21.66 

»0 . 2* 

20.25 

84.38 

APR 

29 

21 .4« 

89. 56 

21.28 

•8.67 

2n.63 

85,96 

18.91 

78.78 

AP» 

30 

20 . 52 

85,50 

20.29 

*4.54 

19.59 

8l,62 

1  7 . 5n 

72.94 

Pit 

1 

i  9 . 62 

M1.75 

,9.33 

6  ,  .  58 

3*. 54 

77,26 

15.68 

66,15 

NAT 

2 

1  M  ,  7 1 

77,94 

•8.40 

74.68 

17.51 

72,94 

14.04 

58.48 

hay 

3 

1  7 .84 

74.35 

,7.52 

72.99 

16.48 

68,54 

13.66 

57.74 

nAV 

4 

1  6 . 9* 

7  (i ,  7  7 

,6.65 

4  V  ,  34 

15.26 

63.58 

13.80 

57.51 

greater 

t  HAN 

GREATER 

Than 

greater 

Th*n 

GRIaTE 

R  t  H  A* 

I.SjAOEKP 

•  2 

l.Sx 10EXP 

•  1 

1. Sx  10EXP*0 

l.Sx  10E*P»1 

iPB 

21 

13,41 

55,86 

13.11 

54.63 

12.83 

53.45 

12.44 

51,85 

AP« 

'  22 

15.64 

45.12 

13.11 

54.61 

12.84 

S3, 48 

12.45 

51.86 

AP" 

23 

18.79 

78.30 

13.10 

54.59 

12.84 

53, >1 

12.45 

51,86 

A?S~ 

’  24 

19,92 

82.9V 

13.10 

54.56 

12.85 

53,53 

12.«5 

51,87 

APR 

25 

18.12 

75.51 

1 3.0« 

54.54 

12.85 

53.55 

12.45 

51,87 

APR 

26 

13.4* 

56.0' 

13. 0« 

54.53 

,.2.66 

53,56 

12.45 

51,87 

A  PR 

27 

13.46 

56, 07 

1  3.08 

54.51 

12.86 

S3. 58 

12.45 

51.67 

AP" 

28 

1 J  ,  45 

56,02 

3  3 . 06 

54.50 

12.86 

53,59 

12.45 

5i.ee 

APR 

29 

1  3 .45 

56, 0« 

13.08 

34.49 

12.86 

53, 6o 

12.45 

51.88 

APR - 30~ 

13.45 

56  ,  Q 2 

13.0» 

54.48 

12.87 

53,61 

12.45 

£1.86 

PAY 

1 

1  3 , 4  4 

56,01 

1  3 . 0  7 

54.48 

12.87 

53,62 

12,45 

51,88 

MAY 

2 

13.44 

56,00 

,3.07 

5*. 47 

12.6/ 

53,63 

12.«5 

51,88 

PAY 

3 

13.44 

55,9V 

13.07 

54.47 

12.67 

53,63 

12.45 

51,88 

MAY 

-  4  * 

13.44 

55,9V 

3  3 . 0  7 

54. 4". 

12.67 

53,64 

12.45 

5l,»6 

GREATER 

Thaw 

R8CATEft 

Than 

GREATER 

Than 

GREATER 

T  H  A  * 

l.Sxio£»P- 

6 

l.SxleEYfwS 

l.SxiOC**- 

4 

1.  Sx  10E*Pw 

3 

D*Y 

Or  T*t 

mOmRS  Tlwc  #/o 

HOURS  TlMf  0/0 

HOURS  Tint  o/fl 

HOURS  TJHE  c/0 

HAV 

$ 

16.1* 

67,45 

i  s.7e 

45.41 

14.17 

5*.** 

13.77 

§7,38 

“PAY — 

— I- 

i  5 .  JS 

*3.#® 

14.71 

61.2® 

14.30 

59.5* 

13.76 

57.35 

WAV 

v 

14.74 

61,44 

14, 7o 

41.23 

14.2* 

5*. 52 

13.77 

57,36 

wrr- 

B  - 

14.74 

61.44 

14, 7o 

61.23 

14.2* 

5*. 53 

13.77 

57,37 

WAY 

9 

14.74 

41,44 

'4. 7® 

41.24 

14.2* 

59,54 

13.77 

57,38 

WAY  " 

10 

14.74 

61.44 

14. 7o 

61.24 

14.2* 

59,55 

13.77 

57.39 

WAY 

11 

14.94 

62,23 

*  4.7i 

*1.27 

14.10 

59,58 

13.78 

57.41 

WAY 

12 

1  6  ,  o4 

66, 02 

15.46 

64.40 

14.35 

5*.*l 

13.78 

57,43 

WAY 

13 

i  r  .12 

’1.J3 

i  6 , 69 

*9.53 

14.9® 

62,41 

13.79 

57.47 

wrv  * 

1< 

1  8 . 14 

75.5® 

17.78 

74.0* 

16.62 

*9.21 

13.  «1 

57,54 

WAY 

15 

I’.O* 

79.42 

18.77 

76.20 

17.92 

74.67 

13.96 

56.19 

WAY- 

16 

1  9 .94 

83.17 

1  9 . 69 

82.04 

19.00 

79,1* 

16.07 

66,95 

WAY 

17 

50.74 

86,42 

?0 . 5* 

8  5.5? 

19.96 

83.1* 

17.87 

74,44 

VfY- 

n 

51.50 

89,  J8 

51.35 

88.97 

20.®2 

86,75 

1® .  17 

79,88 

GREaUH 

Thaw 

OftCATtR 

T haN  . 

GREATER 

Than 

GREaTeh 

Tha* 

1.  5x  10t*P 

•2 

1.5xl0t*P»l 

1.5xl0E*P»0 

1.  Sx  10E*P*1 

«AY 

5 

1  3 , 44 

5S,** 

13.07 

54.47 

12.67 

53,64 

12,45 

51,88 

>  ay- 

•“«" 

1  3.44 

55,99 

1  3.0® 

5«.46 

12.87 

53.65 

12.46 

51,69 

way 

7 

13.44 

56,00 

ll.O® 

54.49 

12.8* 

53,65 

12.45 

51,69 

WAY- 

-  e  * 

13.44 

56,00 

13,0® 

54.50 

12.86 

53,69 

12. 45 

51,89 

WAY 

9 

13.44 

56,00 

ll.O® 

54,51 

12.86 

53,65 

12,45 

51,89 

wAY' 

10 

13.44 

56,00 

13.0* 

54.52 

12.86 

53,65 

12,45 

51,89 

wa» 

11 

13.44 

56.01 

ll.O* 

54,54 

12.86 

53,65 

12,45 

51,89 

WAY  ' 

12 

13.44 

56.01 

ll.O* 

54.55 

12.88 

53,65 

12,45 

51,89 

WAY 

13 

13.44 

56,01 

13.10 

54.57 

12.66 

53,69 

12.45 

51.89 

WAY" 

14  * 

13.44 

56,01 

11.10 

54.59 

12.86 

53,65 

12.45 

51,89 

WAY 

IS 

13.44 

56,01 

13.11 

54,62 

12.86 

53.65 

1Z.«5 

51,89 

WAY- 

-16- 

13.44 

56,01 

13.11 

54,64 

12.67 

53,64 

12.«5 

51,88 

wAV 

17 

lJ.44 

56, 0Z 

13.12 

54,67 

12.87 

53,64 

12,45 

51,86 

WAY- 

1» 

13.44 

56.cZ 

11.13 

54.6* 

12.87 

93,63 

12.45 

51,68 

Zero  deg:  Page  26 


G^eaTcM  T hi*.  r,Ot*Tt 9  T-*N  G»E*TfH  Th*n  g<»CaTCW  tK*k 

1. 5x1  i£rH«6  1.5xl«€*P»5  l.SxlOt*P»4  l.Sxlfi£tP.$ 

D*v 

CF  TmF 

YE  A  o  -01  p?  T I  Mf  o/0  -OllSS  Tint  o/f>  ronws  Tilt  0/0  *OnBS  Tx«r  t  /  0 

MAY  19  22.27  *2,81  22. 1J  92*20  21  «»  "0.1?  ?0.2'  8*. 44 

•>rr — 7V~  2.5.0*  ’o.o*  22.9o  45.42  22. <5  ’4  s?  21.2s  88,65 

G^E  a  f  £•»  T«a*  a°£*,£M  T  man  GBEaTEW  Tha*  G»Ea1£M  Tha5 

l.Sxl.E <?-2  l.Sx  1 0£  ***»  i  l.Sx  U.E*b*q  1.  5xl0t***l 

MAY  19  14.4*  56.02  14.13  54,72  12.0?  54.62  12.45  51,88 

-m - 14.4*  56,02  14.14  54.74  12.  Of  54,61  12.45  51.88 


Zero  deg:  Page  27 


TABLE  2 

Number  of  Hours  in  which  Illumination 
Exceeds  a  Given  Level 


Thirty-Degree  Latitude 


r,«F*  TfM  T«**  T-**J  G»£*TCW  T*AN  GflE*TEK  t*,*k 

1.Sx1''J»p*4  l.SxliEirf-S  1.5)4l'tl«»*  1.5xlO£w8»3 

•  D  *  9 


o 

<  ** 

►  -• 
o  r 

-O'  wS 

Tj*<r  <i/o 

-0"9S 

Tlnr  0/1 

-O'lWS  T  I -if  0/0 

-0"«S 

Tl«F  f/0 

“AY 

20 

16.9° 

7(1. HI 

<4.«4 

70.66 

16.46 

66.39 

13.  75 

63.61 

►  AY 

21 

16.99 

7(1.61 

'6.93 

7,1 .61 

It. *3 

66.66 

15.76 

45.74 

“AY 

22 

,  7  .  *  < 

74. ?9 

16.«7 

70.6* 

16.33 

68.66 

13.  #0 

65.63 

►  AY 

23 

<  H  .  V  * 

76.69 

<6.34 

74.46 

16.76 

69.9j 

15. #1 

*3.95 

►  AY 

2* 

.  c  t  9- 

*•?  .92 

<9.45 

*1.0? 

17.63 

74.27 

1  9.H3 

*6.0* 

way 

25 

;.•) .  ?* 

«*.2» 

■55.34 

*4.74 

19. 1« 

79.76 

15.*6 

*6.50 

“AY 

26 

9  V  .  «  *. 

“9,22 

91  .  01 

•7.61 

?0 . 1 3 

61.69 

16.36 

48 . 1  5 

►  AY 

27 

91  ,  9* 

9 1 .60 

n  .7p 

0  (.  .  4  ? 

?ft .  91 

#7.21 

1  a  .  1 2 

73.4* 

►  AY 

20 

v?  .  5** 

91.93 

92.31 

02.94 

?1.62 

»0<1C 

19.44 

fl.  01 

►  AY 

29 

n.i? 

«*  ,  3V 

92.37 

06.J* 

79.23 

’2.6i 

7o.*2 

*5.07 

►  AY 

10 

3  «  .  A  » 

96.40 

:  J.4i 

17. *4 

39.82 

95, 06 

>1.26 

*8.60 

►  AY 

11 

?«  ,  <i  ■ 

110.00 

-i  .96 

94.86 

21.41 

97.56 

72.  jH 

92.  01 

JU>. 

1 

■>  «  .  fl 

110.00 

5  4.00 

1  <•  •  .  0  4 

34.00 

100.00 

25.8  7 

95.2* 

JU  * 

2 

94,0' 

H0.00 

9*.  00 

190.01 

24.00 

100.90 

2  4.89 

99,53 

G0E*Ux 

1  6*0. 

T«iV 

G<»EAT{ k 

TH*s 

G«£*T£k 

TkA* 

l.Sx  10t»9- 

2 

1.  SxlOE  **** 

1 

1  5x101X9* 

0 

i.5nue»7>* 

1 

►  AY 

20 

15.31 

63,«7 

14.94 

42. 

25 

14  .  SB 

*0.74 

14.15 

58, 

96 

►  AY 

21 

1  3 . 3  3 

63.96 

14.93 

62. 

29 

14.61 

60.6* 

i«  .i* 

59, 

02 

►  AY 

22 

15.37 

*4,03 

1 4 , 96 

62. 

3? 

14.63 

*0.*» 

14.18 

9*. 

10 

►  AY 

23 

15.3# 

64, 1U 

14.96 

62. 

34 

14.63 

*1.02 

14.21 

89 

20 

►  AY 

24 

13.4,. 

*4,1* 

13,01 

62. 

52 

14.66 

*1,99 

1*.23 

59 

29 

►  AY 

25 

1.5.41 

*4.20 

15. 04 

42. 

68 

14.66 

61,19 

14.29 

59 

38 

►  AY 

26 

15.42 

64.29 

1  5.06 

62. 

12 

14.69 

*1,20 

14.27 

5* 

** 

►AY 

27 

13.48 

64, 3« 

15.10 

42. 

*3 

14.70 

61,2* 

14.26 

SV 

»1 

►AY 

26 

13.91 

44,62 

15.13 

63. 

63 

14.71 

61.28 

14,30 

59 

57 

►  AY 

29 

13.96 

*4,62 

15.13 

43 , 

11 

14.71 

*1,31 

14,31 

99 

r*2 

►  AY 

30 

16.9V 

64,9# 

15.16 

*3. 

17 

14.72 

61.34 

14.32 

99 

,66 

►  AY 

31 

13.62 

*5,0® 

1  3,l7 

43 

22 

14 . 7  3 

61.36 

1  4 . 33 

39 

7  0 

J'Jh 

1 

1  3 . 6« 

65.13 

1  S.l« 

*3. 

27 

14.73 

*1,36 

14.34 

99 

,74 

JU* 

2 

1  5 . *• 

*5,1* 

1  5 . 19 

*3. 

30 

14.74 

*1,40 

14.34 

39 

7  7 

Thirty  d»g:  Pog»  I 


D»T 

er  t«c 


jUN  5 

jvn  7 
juv  8 
Jl>  * 
JU*'  10 
jon  il 
jO*  12 
jO*  IS 
3UN-  14 
jon  15 
JU*“TV 


JUN  1 

ju* — r 
jon  » 
JU"  8 
JON  7 
JUN  8 
JON  » 
ju^-  ~lir 
jon  u 
JO*“T2 
JON  II 
JUN-  14- 
JUN  1» 
‘JU*  I* 


0»E*trfl  Than 

l.Sxinf***"* 


x0"fls  T ihc  n/o 

74, o«  100. 00 

74, OP  100. co 

?4.on  100.00 

73.49  97, $7 

72.68  04. JO 

71.92  Oj.JJ 

?1.47  44,47 

70.00  67, 0* 

70.  ?4  44, JO 

<9,73  42.22 

<9.2"  79.98 

<8.56  77,85 

1  7 , 6  7  74.46 

1  7 , 4  0  72, «0 

041  * TC w  Than 

1.5xlOE*4-2 

1 5 , 64  65,17 

1J.64  63, 17 

*5.65  65,24 

15.66  6J,|7 

15.67  65,10 

15,67  45,31 

15.66  65,12 

1 5 . 66  65,14 

1 5 , 6®  65,14 

15.66  65,16 

15.66  65,14 

15.66  65,14 

15,66  65,12 

1 5 , 66  65,12 


OJElSfB  T man 
l.SxiOCXP»5 


HOURS  Tint  0/0 

74,00  100.00 

74,00  100.00 

74.00  100.00 

73.22  *6.77 

72.41  *3.17 

71.65  00.21 

71.16  46.26 

70.50  45.78 

i  0 , 07  63.2? 

<0.41  *0.66 

<6.6o  76.35 

1  6 , 0  5  75.21 

<7,45  72.71 

<7.44  72.66 

out  A  T  f  H  Than 
1. SxlOEXP*! 

15.20  63.13 

15.21  63.16 

15.21  63.16 

H.22-  —  81.40 
1>,22  61.41 

1 5.22  63.43 

15.22  63.43 

15.23  63.44 

1 5 . 23  63.45 

11.21  61.45 

If. 21  61.45 

11.21  63.45 

15.21  64.48 

15,26  63.57 


0RE4TCR  Than 

l.SxlOCX(>»4 


HOURS  TIHE  0/0 

24.00  100.00 
24.00  100.00 
23.68  08,87 

22.66  04,40 
21.70  00.60 
21.01  87,54 
2(1.34  84.74 

19.66  81,  OJ 
18.08  79.00 

16.22  75,0o 
17.26  ’1,92 
16.06  70.75 
16.02  7o,40 
16.00  7  o , 43 

0«E*T|h  Than 
1.  SxlOEXPeO 

14.74  61,41 
<4.74  61,41 

14.74  61,44 

14.75  61,45 

14.75  61,46 
14,78  61,57 
14.80  61,66 
14.8*  6l,77 
14.84  61,85 

14.86  61,  *2 

14.86  61,08 
14.60  62,03 
14,00  62,07 
14,00  62,10 


CREateh  Than 

1. SxlP£XP»3 


hours  tihe  p/o 

24,00  100.00 

23.75  08.97 

22.36  01.26 

21.20  88;3S 

20.06  83,57 

18.00  79,14 

17.92  74,66 

16,64  69,35 

16.24  67,67 

16,10  67.44 

16.17  67,36 

16.15  67,30 

16.15  67.26 

16.15  67,27 

OBEaTE"  Than 
1.  5xlo£)fP*l 

14.36  50,85 

14,39  50,06 

14,41  60,05 

14,43  60,13 

14.45  60,10 

14.46  60,25 

14.47  60,2’ 

14.48  60,13 

14,46  60,35 

14.49  60,37 

14,49  60,38 

14,49  60,38 

14,49  60,38 

14,49  60,37 


Thir*v  -tea:  Page  2 
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SOfiTra  Th»n  ftOEATfR  T-Hh  GB£*Trfi  Than  Tk*k 

1. Sxt^E »»•*  l.Sxlft£*B«5  l.SxirC»B.4  1. 5x1  nE*H»S 


•  04V 


C*  Tut 
VE*B 

Tlnr  n/0 

“0"BS  Tltir  o/n 

6(11)95 

7  T  if  C/6 

»0')W5  r 

/ft 

JU** 

t? 

i  ; .  4« 

22.8’ 

17.44 

72.66 

16.91 

70.46 

16.14 

47. 

26 

J(J6» 

18 

1  7  .  49 

22,89 

17.44 

72.66 

16.91 

70.4* 

16.14 

67. 

24 

JU4 

1’ 

,7.49 

’2.89 

•  7.44 

72.66 

34.92 

7o.5o 

16.13 

67. 

22 

JU* 

20 

,7.5" 

72.90 

1  7.44 

7?.67 

14.93 

70.53 

16.13 

47. 

20 

JUN 

21 

1  H  .  4" 

76.66 

1  7,69 

73.71 

16.97 

70.72 

16.12 

67. 

1 8 

JUN 

22 

,  0  .  J  n 

79 . 9& 

'8.7? 

74.00 

1  7  . 1  5 

7  1 , 46 

16,12 

67. 

15 

JU6 

23 

.  9  .  *fc 

6?  .85 

.9.49 

"1.17 

1  4 . 1  4 

75.60 

16,17 

^  7  . 

37 

JUfc 

2* 

50.47 

"5.27 

59.15 

83.96 

19.12 

79.66 

16.27 

67. 

77 

JU6 

2* 

5 n  ,  90 

97,45 

50.  71 

66 . 2* 

19.86 

82,84 

16.61 

69. 

20 

JIJ4 

26 

51  .53 

M9 , 70 

•>1 . 2M 

88.44 

50.54 

85,5* 

17.89 

74  . 

52 

JUS 

22 

5?  .  1  » 

«?.21 

51,86 

91.0° 

?1  -I? 

88,19 

19.00 

79  . 

IS 

JUN 

28 

5  2.71 

94,62 

52.43 

93.47 

?1.7V 

90,81 

19 . 9l 

82. 

97 

JU^ 

29 

5  3  .  .14 

9  7,25 

53.10 

96 . 26 

55.44 

93,52 

23.79 

66  . 

64 

59 

JUN 

30 

54.  or 

160.00 

53.6  3 

09.31 

23.16 

96,60 

21.7* 

’0. 

(iPE*f£^ 
1.  SxUEXP* 

Tw*n 

2 

G«£a  t£* 
l.SxlOEXfe 

Than 

1 

GBE  A  TE  W  T  H  A *• 

1.Sx1CiE*P«0 

GftEAtE* 
i.  5x10 EX >* 

THa4 

*1 

JUN 

17 

15. 

67 

65,30 

15,26 

"JUN- 

18 

1 5 . 

67 

65,2’ 

15.29 

JUN 

1« 

1  5 . 

67 

65,27 

15,30 

JUN 

20 

1  5 . 

6ft 

65,25 

IS.  31 

jyN 

21 

1 5 . 

65 

65.22 

15.32 

JUN 

22 

1  5. 

64 

*5,1’ 

1  5 , 33 

JUN 

23 

15. 

6« 

65,16 

1  5. 33 

JUN 

24 

15. 

69 

65,22 

1  5 , 33 

JUN 

25 

15. 

66 

65,26 

15,33 

JUN 

26 

15. 

67 

65.2* 

lS.33 

JUN 

27 

1  5 

6  ft 

65.32 

iS.33 

JUN 

28 

1  5 

67 

65,30 

15,32 

JUN 

29 

15 

6ft 

*5,2» 

15,31 

JUN 

30 

1  5 

64 

65.17 

1 5 , 3  0 

63.65 

14.91 

62,13 

14 ,49 

63. 7i 

14.92 

62,16 

14.48 

63.76 

14.92 

6  ?  ,  j8 

14.47 

63,8a 

14.93 

o2  1  2  0 

14.46 

63.84 

14.93 

62.21 

14,46 

63.66 

14.93 

62.22 

14.46 

63 . 8* 

14.93 

62.22 

14 . 46 

63.89 

14.93 

62,2? 

14 . 46 

63,89 

14.93 

62.22 

14.45 

63.88 

14.93 

62.22 

14.45 

63.87 

14.93 

62,21 

14.  *5 

63.84 

14.93 

62,20 

14.45 

63 .80 

14.92 

62.18 

14.45 

63.75 

14.92 

62,16 

14.44 

*0,  a 

60, 13 
40.2’ 

40.25 

60.26 

60.23 

60.23 

60.23 
60,23 
60,22 
60,21 
*0,20 
6  0  , 

<0  . 
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GR£aTe«  Th*n 
l.Sx lOlKP-i 


ORC*T£R  Than 
l.Sx lfl£KP«S 


GREATER  Than 
l.Sx  1  flE*R»4 


GPEaTEK  THaa 
] . Sx l «E*P* J 


day 

OE  THE 

▼£*• 

hO"SS  TlHf  o/O 

hours  Ti*r  c/o 

•iOURS  TINE  070 

Tier  c/n 

JUL 

1 

?4.0« 

100.60 

74.00 

mo. oo 

24.00 

100*00 

22.73 

94,71 

-jut — r 

?4.0" 

100.80 

74.00 

1  60 . 0(1 

21.00 

100.00 

24.00 

100*00 

JUL 

1 

94. 0C 

100.00 

74.00 

mo  .or 

24.00 

100.00 

24.00 

100.00 

-jvr— 

* 

74  .00 

100.00 

74.00 

mo .  on 

24.00 

100.00 

2  3.00 

95.85 

JUL 

S 

74.00 

100.00 

74.00 

100.00 

23.43 

97,64 

22.06 

91.92 

JUL 

ff 

73. 59 

98.27 

73.36 

97.31 

27.71 

94,43 

21.15 

06.14 

JUL 

7 

?2.«7 

95.70 

72.70 

94 .5* 

22.07 

91,94 

20.27 

84,44 

JUL 

8 

72.42 

93.42 

72.14 

92.27 

21  .45 

69,34 

19.36 

80.69 

JUL 

9 

71.87 

91.14 

71.59 

89.94 

2n.84 

66.84 

18.34 

76.41 

jUL~ 

nr 

71.31 

«8.78 

71 .02 

87.57 

2r.l7 

84.05 

16.89 

70.37 

JUL 

u 

70.75 

86.40 

70.63 

85.1? 

19.42 

8  0  •  9 1 

16.  o’ 

66.94 

JUL 

12 

70. 17 

84,02 

1  9 , 7b 

82.41 

18.46 

76, 9() 

15.96 

66  .  SO 

JUL 

13 

19.45 

8 1 «  05 

18.99 

79.1? 

17.08 

71.17 

IS. 9? 

66.3* 

JUC  ' 

14 

1  8 .64 

77.67 

<  7.98 

74.91 

16.74 

69 , 7« 

15.«9 

66.20 

GOEATEP 

Than 

gbeaTeh 

Than 

GREATER 

Than 

great 

£H  Than 

1.  5x i  fl£ xP 

•  2 

l.Sx  1 0E  XP 

-1 

1.  SxiCE«P*0 

1. SxlOExP*! 

JUL 

1 

15.65 

65,11 

3  5.29 

63.69 

14.91 

62,14 

14.44 

60,15 

JUL" 

2 

15.61 

*5,02 

15.27 

63.61 

14.91 

62,11 

14.43 

60.13 

JUL 

3 

1  5 , 58 

64,90 

15.25 

63,53 

14.90 

62,08 

14.43 

6U.11 

jut — 

— *“ 

15.56 

64,84 

15.22 

63,43 

14.89 

62,04 

14.42 

60.,  oe 

jUl 

S 

1  5 , 56 

64,85 

15.19 

63.30 

14.88 

61,98 

14.41 

60,05 

“JUST 

1 5 , 55 

64,60 

15.16 

63,18 

14.66 

61.  «3 

14.40 

60,02 

JUL 

7 

15.55 

64,77 

1S.16 

63.17 

14.65 

61.66 

14,39 

59,97 

JUL“ 

r 

15,51 

64,73 

15.16 

63,15 

14.63 

61,77 

14,38 

59.9J 

JUL 

9 

15,52 

64,67 

15.15 

63.13 

14.60 

61,67 

14,37 

59,86 

"UTJV" 

■  nr 

15. 5U 

64,60 

15.16 

63.10 

14.77 

61,55 

14,36 

5  9 , 8  J 

JUL 

ii 

15,48 

64.51 

15.14 

63,07 

14.74 

61,41 

14,34 

59,75 

JUt’ 

lr 

15.46 

64,41 

15.13 

63,03 

14.71 

61,29 

14.32 

59,67 

JUL 

U 

15,44 

64,32 

15.11 

62.96 

14,70 

61.27 

14.30 

59,59 

JUL 

i» 

15,42 

64,26 

15.10 

62.92 

14. 7o 

61,24 

14.28 

59,46 
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•  0*r 

Of  The 

re*o 

jut  15 

JUt  16 
JUt  1* 
JUt  16 
JUt  19 
JUt  20 
JUL  21 
JUt  22 
jut  23 
jut  2* 

jut  25 
JUt  26 
JUt  27 
JUt  26 


JUt  15 
JUt  16 
JUt  17 
JUL  18 
JUt  1’ 
JUt  20 
JUt  21 
JUL  22 
JUt  23 
JUL  2* 
JUL  25 
JUL  26 
JUL  27 
JUt  28 


gcf  »  Tf w  Tm4n 

OSEaTE**  Than 

r.BEeTCB  Th*n 

GOEaTch  Than 

5x  1  "f ye*6 

1.Sj4»E  t*»5 

l.Sx  l''E*'»»6 

l.Sx  1  ftE  *H»  3 

HOt 

us  riHf  n/o 

HOUfiS  TlMf  0/fl 

HOUHS  tine  0/0 

nqiihs  Tl-f  f/o 

i  7  . 

6« 

7j.4» 

i  7.  19 

71.64 

16.65 

69.37 

15.86 

66.  QO 

1  7 

2* 

71.65 

,7.1ft 

7 1  .  jo 

16.63 

69.J7 

15.83 

65.98 

i  7 

2* 

’1.85 

1  7 . 18 

71.50 

16.61 

69.21) 

15. bi 

65.86 

1  7 

5<i 

7i.d5 

’  7 . 1« 

71.5" 

16.59 

69.1? 

15.  77 

65. 7j 

i  7 

2° 

7 1  .  M 

«  7.  !*• 

71.J7 

16.57 

69.0? 

15.73 

65,55 

i  7 

t  7 

72.  I7 

<7.1" 

71  .  JO 

16.56 

68.99 

15.  73 

6  5.5.3 

.  >» 

n  - 

74.9* 

<7.47 

72.8" 

16.62 

69.23 

15.7? 

6  5 , 5l 

«  8 

6* 

77,76 

.6.24 

76.01 

16.64 

69,1« 

15.7? 

*5.49 

1  9 

?1 

8  o  ,  o  3 

.  a  .87 

78.61 

1  '  .61 

73.38 

15.  7? 

65 . 5o 

i  9 

7  « 

*2.22 

.9,43 

*r.9« 

18  .  3« 

76 . 89 

15.  7« 

65.59 

5ft 

P  v 

"3.73 

«9.8i 

"2.5? 

1  9  .  "  5 

79 .36 

16.01 

6  6 , 7 1 

7  i 

77 

"6.31 

50.44 

*  5 . 1  c 

19.75 

82. 2« 

17.17 

71.53 

51 

4  1 

"9  .  ?9 

51.15 

"8.11 

2ft  .  «" 

85.33 

18.32 

76.33 

52 

?1 

9?. 53 

51.93 

«1.3« 

21  .30 

88 , 76 

19 . 4  H 

81.17 

G*  E  *  TE  « 

Than 

GflE4f£W 

T  nan 

gpeatih 

Than 

OWE  4 1 E " 

Than 

. .  5x 

1 '  ;  y.  x  9  * 

2 

1.  Sx  10£XP» 

1 

1. Sx  1 OE  *P ♦ 

0 

l.Sx  10EX8 

♦1 

l5, 

,41 

64,19 

15,09 

ft2 . 66 

14.69 

61,22 

l<,25 

59,37 

lS. 

,39 

«4,ll 

1  5 . 0  7 

62.78 

14.68 

6 1  ( 19 

1<.22 

59,23 

1 5 , 

,36 

64,02 

1  5 , 0  5 

62.69 

14.68 

61,1* 

14.21 

59,19 

15, 

,3* 

63,91 

lS.02 

62.58 

14.67 

61.11 

14.20 

59,16 

15. 

,31 

63,78 

14.99 

62.46 

14.66 

61,07 

14,19 

59,12 

3  5. 

,27 

63.62 

.4,9$ 

62.  Jl 

14.64 

61,01 

14,18 

59,o8 

15 

.2* 

63,49 

14.91 

62,12 

14.63 

60,95 

14.17 

39,03 

15, 

,23 

63,47 

14,86 

61.94 

14.61 

6o,b7 

14.16 

58,98 

15 

.23 

63,43 

14.84 

61.82 

14.59 

60,  79 

14.14 

56,93 

1  » 

.22 

63,43 

14.80 

61.67 

14.57 

60,69 

14,13 

58,67 

1 5 

.2? 

63,40 

14.76 

61.49 

14.54 

6  0,58 

14,11 

58,8i 

15 

.21 

63,37 

14,74 

61.43 

14.5C 

60,43 

14.10 

58,73 

lb 

.20 

63,31 

14,74 

61.41 

14.46 

60,26 

14.08 

58,65 

15 

.1’ 

63,29 

.4,73 

61,39 

14.42 

60,06 

14,05 

58,56 
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5MO*»  r  1  «SiWv> f>VT- 


GO£*TFR  Than 


9«£ATffl  Tn*N 
I-S^IOExP'S 


GREATER  Than 
1. 5x  10E»R»4 


GREATER  Than 

l.SxlOE»p«3 


0*Y 
Of  THE 

YCiO 


hQur?  TIhe  i)/0 


hO'IRS  TIhe  0/0  HOURS  ti*e  o/o 


hours  TjHf  c/o 


jut 

at 

?s. 

0“ 

«6, 

1« 

TDI-- 

TT 

?«. 

on 

100. 

00 

JUW 

SI 

24, 

,01' 

100. 

to 

iUtr 

1 

24  . 

on 

TOO. 

00 

AUO 

2 

24  , 

,of 

100. 

,00 

aug 

3 

2*  . 

,  0" 

100. 

,  00 

A  UG 

4 

54, 

,  or 

mo. 

,00 

AUG 

s 

53, 

.  T  n 

’8  , 

,  7  4 

auG 

6 

?3 

.IT 

96, 

,5* 

AUG 

7 

52 

.64 

44, 

.31 

auG 

6 

51 

.7*) 

4  0 

.61 

aug 

9 

51 

.l*1 

88 

.2* 

auG 

10 

50 

.46 

es 

.22 

AUG’ 

11 

1« 

.65 

#1 

.  74 

ObiaTER  Than 
I.  SxlOC*B»2 


JUl  2» 

15. 1« 

63,23 

-uuir  i: 

15.14 

63, It 

JUL  *1 

lS.U 

43. 0» 

rutr — i 

1 5 , 11 

62,94 

aug  2 

1S.0« 

62,96 

tug - r 

1*.0‘ 

*2,76 

AUG  4 

1».0» 

*2,61 

tug — r 

14.97 

*2.1* 

AUO  6 

1«. *0 

62,0* 

TUG - r 

14. *4 

*1.94 

AU&  * 

14.78 

*1.»* 

TUG  t 

14.74 

*1,41 

auG  10 

14.74 

*1,*0 

TOG - IV 

14.73 

•1,1* 

22.94 

4  5.16 

53.92 

49 , 27 

54.00 

100.00 

54.00 

100. 00 

54.00 

1  no .  OP 

54.00 

1  no .  on 

53.98 

99.91 

53.42 

67.00 

22. ’0 

4  S  .  4  1 

52.35 

93.13 

51.49 

*9.JJ 

50.66 

*6.93 

50.10 

43.76 

1  9 . 1 6 

79.91 

GREATER  Than 
1. 5xl0t*P«i 


22. 21 

92, 

SS 

23.22 

96. 

74 

24.00 

100. 

00 

24.00 

100, 

00 

24.  on 

100, 

00 

24.00 

too. 

00 

23.37 

97, 

37 

22.78 

94. 

22.19 

92 

45 

2l  .56 

89 

85 

2o.*0 

66 

66 

19 ,96 

63 

27 

18.99 

79 

14 

17.66 

7  3 

60 

GREATER  than 
1 .  SxlOC  IP*  0 


20.68 

66.18 

21.9? 

91.35 

23.18 

96.59 

24 .  on 

loo.oo 

23.75 

98.97 

22. 79 

94.96 

22.  'Jl 

91. 7l 

21.23 

68,46 

20.41 

85.03 

19 . 46 

81-07 

18.17 

75.70 

16.3C 

67. 9C 

15.34 

63.92 

15.2C 

63.34 

greater  than 

1. SxlOExf*! 


14,71 

61.16 

14,36 

14, 7S 

61.14 

14,10 

1*.*1 

61.30 

14.26 

14,70 

61.16 

14.14 

14.69 

61.21 

14.24 

1* .  *7 

41.1* 

14.23 

14,66 

41.07 

14.22 

18.91 

40. *8 

14.  ai 

1*,*1 

60.96 

14.21 

l*i*7 

40.72 

14.1* 

1*,** 

60.54 

14.18 

14.40 

60.12 

14.16 

14,41 

60,0* 

14.1* 

14.31 

»*.7i 

14,12 

59,81 

14.01 

54,46 

59  j  88 

14,00 

58,33 

59,41 

13.»7 

58,20 

59,14 

13,91 

*8,0* 

59,31 

13,9* 

57,86 

*9,  at 

13.83 

57,84 

59,34 

13.79 

57,42 

**i3* 

11,74 

*7,27 

*»,1* 

13.71 

57,23 

5*,14 

13.71 

*7,18 

59l09 

13.71 

*7,13 

»*,oa 

13,70 

*7,08 

58,94 

13.89 

*7,03 

59,98 

13.47 

56,97 
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m 


w  V  VV  \/.V. 


DAT 

or  t*£ 
tear 

auQ  12 
AUG  IS 
AUd  1* 
lots  15 

AUr*  1* 
AU«  12 

iljG  16 

»uQ  1* 
*ua  20 
1UC  21 
auG  22 
AUC  2S 
AUG  24 
AUG  2* 


AUG  12 
AUG  is 
AUG  14 
AUG  15 
AUG  16 
AUG  17 
auG  16 
AUG  19 
AUG  20 
AUG  21 
auG  22 
auG  23 
AUG  24 
AUG  25 


G°fAlr«  Thin 

GOEAlfW  Than 

G®E a Tf R  TH*n 

G9EaT£H  Th»A 

1. Sxl °E  vR«6 

1.5xlfl£*P«5 

1. Sxirtxp.4 

1. SxinExP*! 

HC'WS  TIh£  (1/0 

HOURS  TlHf  0/4 

HQIIBS  time  0/0 

ho"ns  tt*f  "/p 

1  6 . 64 

77,66 

18.0® 

7  5.32 

15.96 

66,51 

15.17 

63.22 

i  7 . 5r 

72.92 

16. 7l 

49 . 62 

15.79 

65,78 

15.15 

63.11 

16.25 

67,73 

16.20 

67 . 46 

15.72 

65.  Si 

15.12 

62.99 

16.24 

67,6® 

16.19 

47.45 

15.7p 

65,43 

15.  u® 

42.84 

i  6 . 24 

47,6® 

16. 19 

A 7 , 44 

15.68 

65,35 

15.04 

*2.67 

1  6 . 24 

47.6® 

1  6 . 1® 

67.47 

15.6® 

65,26 

14.99 

*2.47 

16.24 

47,6® 

16. 1® 

*7.42 

15.64 

6  5 , 1 7 

14.93 

62.22 

16.4" 

66,65 

16. 1« 

4  7.47 

15.63 

65,14 

14.87 

61,98 

1  7.11 

7l.2’ 

16.63 

69 .29 

15.69 

65.37 

14.85 

61.87 

1  7 . 7p 

73.75 

1  ’.  32 

72.16 

15.8« 

66,00 

14.8? 

41.76 

1  «  .  3 1 

76 . 2’ 

i7.95 

74.80 

16.83 

7  0  ,  1 1 

14.  79 

61.64 

1  8 . 9® 

79, fl7 

1  3 . 66 

77.74 

17.67 

73.64 

14.8? 

61 . 77 

1  9 . 7T 

®  2 , 2  0 

4  9 , 4  4 

*0.94 

18.54 

77,25 

15.15 

*2.72 

•30  .A? 

®5.93 

20.31 

*4.61 

19,48 

®1.16 

16.6« 

49. S3 

GREATER 

Thin 

JiCATES 

Than 

GREATER 

THAN 

GREATER 

Than 

l.sxioexr* 

2 

i.Sx1oexr»i 

1.  SxlOEAR‘0 

1. 5xlOE*R*l 

14,72 

61 , 12 

1*.2« 

59,15 

14.0’ 

58,72 

13,66 

54,90 

14,71 

®1.27 

14.25 

59 .36 

14.0* 

58,58 

13,64 

58,82 

14,69 

*1 ,21 

14.24 

59.34 

14,01 

58,49 

13,*2 

58,74 

14,67 

*lil3 

14.24 

59.31 

13.** 

56,64 

14.65 

*1 , 04 

14.24 

59.28 

13.8’ 

57,89 

13,57 

56,  S3 

14,62 

40,92 

14,22 

59.25 

13.85 

57,7l 

13.53 

56,39 

14,59 

6o,77 

14.21 

59.2o 

13.82 

57,58 

13,50 

56.24 

14,54 

60,40 

14.19 

59,14 

13.78 

57,44 

11.45 

56 ,05 

14,49 

60,  S® 

14,1* 

59.07 

13.74 

57,3* 

13,40 

55,82 

14,42 

*0,10 

14.15 

5«,97 

13,71 

57,30 

13,1* 

55,69 

1  4 , 39 

59,97 

14,12 

58,15 

13.72 

57,1* 

13.34 

55, 59 

14.37 

59,6® 

14,09 

58.49 

13.71 

57,11 

13,  Jl 

55,48 

<4.34 

59,76 

14,04 

58,49 

11.6* 

57,05 

13.28 

55,35 

*  ^  1  * 

14.31 

59,64 

IS, »7 

58,22 

13.67 

56,9* 

13.25 

55,21 

Thirty  dsg:  Page  7 
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t him  aniux  than  greater  than  greater  than 

1.5xlftt*P-6  l.SAOCUP**  l.Sx  10E*P»4  l.$xin£*p“l 


DAY 


r  the 
u*» 

hours 

TJHC  0/0 

HOURS 

Tint  o/n 

a ua  a* 

71.2’ 

88,63 

71.02 

87.46 

-too — tt 

22.33 

43.02 

72.08 

42.01 

AUS  2» 

73.42 

47. S4 

71.16 

46.92 

too — rr 

24,0" 

100.00 

74.00 

100.00 

AUS  10 

74.00 

100.00 

94.00 

100.00 

-ror  n 

94.00 

100.00 

74.00 

100.00 

sep  i 

?4,00 

100.00 

94.00 

100.00 

?«.oo 

100,00 

74.00 

100.00 

l£>  1 

91.96 

49,82 

73. 7o 

48.79 

jir  '  t 

9S.4? 

47.98 

92.16 

66,49 

SEP  s 

72.75 

94,78 

72.52 

41.84 

TtT  r 

22.1* 

42.33 

71.85 

41.06 

$£P  7 

21.  S’ 

89.12 

91.04 

87.48 

70.47 

89.30 

70.13 

83.87 

greater  Than  ircaTer  Than 

l.Sxl0EXP*2  l.Sx  lOEXPel 


HOURS 

Tint  o/O 

HOURS 

TjHf  f/o 

20,42 

85,11 

18.27 

76.14 

21,49 

89,96 

19.74 

82.40 

22.61 

94,22 

21.26 

80.97 

23.74 

99,00 

22.60 

44,18 

24.00 

100,00 

24.00 

loo. 00 

24.00 

100.00 

24.  OC 

loo. on 

24.00 

100.00 

23,33 

97.21 

23.84 

49,14 

22.69 

*4,38 

73.1’ 

*6,63 

21. »0 

*1.26 

77.57 

44,03 

ai. r5 

67 . 6* 

21  .88 

*1.18 

20.03 

83.47 

2l.ll 

87.44 

lO.Oo 

78.37 

20.18 

84,07 

17.05 

?1.U3 

14.07 

79,47 

14.6V 

61.22 

greater  than  greaTc*  Than 

l.Sx  10C*P»0  1. 5x  10E*P»1 


AUG  26 

14.26 

59,4* 

ll,*4 

96.01 

13.85 

56 , 66 

13.21 

55,05 

TOC -  27 

14,23 

54,30 

1«.8« 

98,02 

11.83 

56  |  74 

13,1* 

54,95 

AUG  26 

14,22 

59, a* 

11.  *1 

97.8a 

11.58 

56,60 

13, 1’ 

54,87 

TOC — 7*~ 

i«. ao 

9*.  If 

11.8* 

97,16 

11.51 

56,16 

13,15 

54 , 70 

AUG  30 

14, 1> 

S9.0* 

1«.«8 

97.75 

13.47 

**i!2 

13.12 

54 , 46 

‘tog — nr 

16,96 

70.77 

11, •• 

57,63 

13.44 

54,07 

13.0* 

53,55 

S£P  1 

14,10 

58,76 

11.80 

57.69 

13.45 

56,31 

11,05 

>4,39 

sr r-  ~t 

14.  o5 

56,95 

11.75 

57.31 

IS. 41 

55,46 

18.01 

54,20 

SEP  3 

14  00 

58,32 

11.70 

57,36 

13.42 

55,*2 

12,86 

54,01 

ttp - r 

S3.** 

56,2* 

11.65 

*6.67 

13.«0 

55,64 

12.95 

53,96 

SEP  5 

13.98 

56.25 

11.  *1 

5*.7o 

13.35 

55,75 

12.94 

53,*0 

-*t*--*v 

13.97 

58,20 

11.56 

56.4* 

13.35 

55,44 

12.»2 

53,»4 

SEP  7 

13.95 

58.1* 

ll.«9 

so.as 

13.32 

55,53 

12.»0 

53,77 

-sir  "t 

13.98 

58,0* 

11.49 

56,11 

13.26 

55,11 

12,86 

53,69 

Thirty  deg:  Puge  8 


rVS- 


ger^Tfn  T«»‘ 
l.Sxj  -f  r»*t 


OQ£A>£«  Tn»N 

1.5xl"£*P-5 


0»£*TrB  f h i n 
1.5xlf'C«P.4 


5«t»T£«  T*-* *. 

l.Sx  1  ft£  «B»i 


I 


1AV 
’  tff 
'CA« 


-01  H*  time  o/o  -0"«5  TI mp  ii/d 


1£P 

9 

1  9 . 47 

SEP 

10 

1  8 , 4( 

scp 

11 

(7.71 

SCP 

12 

10.99 

S£0 

13 

i5,?i 

S£" 

1« 

•  5. : 

S£P 

15 

10.0’ 

J£P 

14 

10.0' 

S£P 

17 

i  5.  d' 

SC* 

1* 

•  4.4, 

S£P 

1’ 

16.  ?" 

S£P 

20 

1  7  .  A  - 

S£f 

21 

.7,** 

5  £B 

22 

i(i,7* 

'1  .1* 
76.6* 
7l.72 
46,6? 
4  J  .  52 
4?  ,  A* 

4?  ,  40 
42. 4» 
42. 4« 
44  ,  9» 
*7.74 
7-1.42 
74.  S? 
70.14 


1*.0« 

(7,4) 

16.5* 

1  5.44 

1  5.1’ 

(4.94 
•  4,96 
1  4 , 9  A 

(4.95 
1  5.01 
<  5.64 

i6.60 
i  7 . 51 
10.4A 


79.51 
74. 4* 
09.1? 

44.34 
43.  3o 

42.35 
02.34 
*2.32 
*2 , 3 1 
02.55 
44 .1)4 

A’  ,  4a 

72.97 
76 ,9  a 


QP£  A  TCP  Th*N  a«tAT£«  7»A0 

1.Sx10£«p«2  l.Sx  10C*B»1 


*ou«s  time  o/n 

17.72 

73.81 

14.01 

66.  ?1 

14.97 

6,’.3« 

14.83 

61,79 

14.72 

61.34 

14.63 

60.94 

14. 60 

60  i  *2 

14.56 

6  0  •  64 

14.55 

60.61 

1  4 . 5« 

6  o  .  6  o 

14.65 

61.00 

15.  3C 

63.76 

16.45 

66 , 56 

17.50 

73.23 

OBEATIM 

Than 

1.  5x  10£  0 


hoiims 

Tl-if  '/A 

14.35 

59.79 

14.26 

59.41 

14.17 

59.05 

14,96 

56.68 

14.03 

56.«6 

14.  oa 

•5.3? 

13.” 

55.28 

13.9“ 

«e.2« 

13.97 

56.2(1 

13.90 

56.14 

13.94 

56.09 

13.93 

56.04 

13.9* 

5  6 . 0  7 

13.97 

56.1’ 

GB£  A T  £M  TH*K 

1.5xiO£*B*t 


5£p 

i 

13.91 

57.97 

S£p 

13.80 

57,85 

11 

13.65 

57,72 

S£6 

12 

13.91 

57,5* 

SEP 

13 

13.76 

57,36 

!E» 

14 

1  3 , 6  9 

57,0* 

8k> 

15 

1 3 . 62 

56,74 

S£p 

16 

13.59 

56,64 

?£p 

17 

13.57 

56,54 

SEP 

18 

13.54 

56,40 

S6p 

1« 

13.50 

56,24 

SEP 

2  C 

U.47 

56,14 

SEP 

21 

1  3 . 4  6 

56, 0* 

SEP 

22 

13 .45 

56,06 

1  3.49 

56.19 

13.23 

13.48 

56.16 

13.1* 

li.47 

56,1V 

13.0“ 

13.46 

56.06 

13 . 01 

13.44 

56 . 02 

12*99 

13.43 

55.94 

12.99 

13.40 

55.64 

12.96 

13,67 

55. 70 

12.97 

13.62 

55.5i 

12.99 

13.27 

55.27 

12. »4 

13.19 

54.95 

12*92 

1 3 . 1* 

54,95 

12.90 

13.1* 

54.84 

12.57 

;  3 .  l* 

54.76 

12.82 

55,12 

12.86 

5  3,60 

54,94 

12.6* 

53,45 

54,49 

12.61 

53,37 

54,21 

12.7? 

53,22 

54,14 

12.73 

53,04 

54,11 

12.68 

52,82 

54,08 

12.61 

52,55 

54, 8« 

12.58 

52,43 

54,99 

12.  >6 

52,31 

53, 9J 

12.56 

52,1’ 

53,95 

12.4V 

52,05 

53  74 

12.45 

51,90 

53.61 

12.44 

51,93 

54, 4J 

12.*2 

51,74 

Thirty  deg:  Page  9 
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0O£»TcH  Th*h 
1.5xlf£»p»6 


TmaN 

l.Sx  10£**"5 


GREATER  Th*h 
l.Sx  lot**-* 


G«t*u«  T,.** 
1.  SxinE»P"3 


DAY 

r  tm£ 

T£*0  -0"«S  TJM£  „/ C 


HOURS  Tint  0/« 


MQIIRS  T1*E  o'O  KOIIWS  ti*r  ''0 


11' 

at 

78 

62.40 

tit 

2* 

90  . 

O'* 

67.01 

8t» 

a* 

n . 

95 

91,47 

U»' 

t» 

92. 

98 

*5,76 

St* 

27 

93. 

99 

90,96 

S£p 

a* 

34  , 

.  0r 

100.00 

8Ep 

a» 

9*  , 

.  on 

i  nc .  oO 

SC* 

so 

94  , 

.OP 

lflo.co 

OCT 

l 

94 

.  0" 

100,00 

OCT 

3 

94 

.00 

100.00 

OCT 

3 

9  3 

.  74 

98.92 

OCT- 

i 

9  3 

.  0  4 

95.95 

OCT 

5 

?2 

.2? 

*9.40 

ucr 

6 

91 

.2* 

66,52 

UH£*T£W  Th*n 
l.Sx  10£*P«2 


it* 

21 

13.43 

55, 

♦  6 

W 

2r 

1  3.41 

55, 

,67 

SE* 

at 

13,38 

55, 

,76 

13.35 

55, 

1 42 

StP 

27 

13.SC 

55 

.41 

"5TT~  7* 

13.23 

55 

.1* 

S£R 

29 

18.26 

76 

.0* 

nr- 

ID 

1».05 

79 

.20 

OCT 

1 

14,94 

*2 

.2* 

OCT 

13.21 

55 

•  £? 

OCT 

3 

13.20 

54 

OCT- 

--  4 

13  ,ie 

54 

.*0 

cct 

5 

1  3.15 

54 

.7’ 

'OCT  ' 

— 4 

13 .11 

54 

,*4 

1  7 , 4  7 

61.1* 

90.59 

65. tfl 

91.6« 

90.31 

92.72 

94.66 

93.61 

99.20 

94.00 

160 . 00 

94.00 

loo . 00 

94.00 

1O0  .00 

94 .00 

1 n  0 . 0  0 

94,00 

loo  .00 

93.4# 

97.85 

92.77 

94.85 

91. *2 

*1.14 

90.6* 

67.26 

0*t4TtR 

Than 

l.SxlOEXP 

•  1 

13,12 

54,67 

li,0« 

54,86 

13.06 

54,43 

13,08 

54.27 

12.«» 

54.07 

12.»2 

53.83 

12.66 

53,65 

12.68 

53.48 

12.77 

53.20 

1 2 . 7* 

12. 7* 

53.10 
53. 06 

12.73 

53.06 

12.73 

53.03 

12.72 

53.00 

18.73 

78,03 

15.36 

64,01 

19.89 

82,87 

17.57 

73.22 

21.05 

87,7o 

19.30 

80.43 

29.17 

92,17 

20.60 

86.6* 

23.23 

96,80 

22.13 

92.20 

24.00 

100.00 

23.35 

97.2* 

24.00 

100.00 

24.0  c 

100.00 

24 . 0<- 

100.00 

24.0) 

loo. 00 

94.00 

100.00 

2  3.19 

96.63 

23.60 

98,33 

22.39 

93.30 

9?  .  86 

95.35 

21.«3 

69.30 

92. 0» 

*2.01 

20.31 

64  ,6J 

2l  .15 

86, l? 

16.97 

79 .05 

20. 07 

63.62 

17.27 

71.96 

QREaTIR 

T«*H 

GREaU" 

T  K*K 

1.  5x lot *p» t  l.Sxlo£*p»l 


12 . 76 

53.1* 

12.40 

51,65 

12 . 72 

52,96 

12.37 

51,53 

12.71 

52.** 

12.33 

51,39 

12.70 

52,90 

12,29 

51,22 

12.66 

52.64 

12.2* 

51.00 

12.67 

52,76 

12.21 

50,6* 

12.65 

52, 7i 

12. 20 

So  ,83 

12.63 

52,62 

12.19 

50,77 

12.60 

52, *0 

12,  l7 

50, 7l 

12.57 

52,37 

12.15 

50.64 

12.53 

52,20 

12.U 

50,56 

12.46 

51.99 

12.11 

50,47 

12.41 

Sl,7l 

12.0’ 

50,36 

12.33 

51,16 

12, 06 

50,2* 

Thirty  deg:  Hoge  10 
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*4 

#i 


9** 


G°if4Trfi  TH4M  Qf»C*TfB  Tn»n  (JP£ a  Tf  fi  Th*n  G»EaTEH  Tha* 

l^xi'E^P**  1.  5x1  *£  *P»5  1.5x1  "£)tP«4  l.SxloexP‘3 

•  oa  r 
CP  Th£ 


4Ca« 

TI«F  ft/0 

wOH»5  Tiff  O/fl 

HOllHS  Tl*f  0/(1 

HQIIHS  Tx*r  -/ft 

OCT 

7 

1  9 .9“ 

"3.26 

1  9,67 

81.4* 

18.80 

78.35 

15. Ul 

62.53 

OCT 

a 

1  a  .97 

78,83 

18.55 

77.J* 

17. 4P 

72,84 

13.47 

56.12 

OCT 

« 

1  7.74 

73.93 

i7.3« 

72.4ft 

15.95 

66.45 

13.35 

55.63 

OCT 

10 

'6.66 

64,40 

16.15 

37,;^ 

14.01 

58,3* 

13.26 

65.25 

OCT 

11 

1  6.45 

64.54 

14,79 

41.64 

13.86 

57.75 

13  23 

55.13 

PCT 

12 

'4.3: 

64.63 

1  4 . 21 

69.16 

13.8ft 

57. 5ft 

13.22 

5  5.0  ■» 

OCT 

13 

1  4  .  ?* 

84 ,35 

'4.20 

6  9  ,  1  7 

13.78 

57.42 

U.21 

55 . 0* 

OCT 

1 4 

'  4  ,?4 

54.J5 

14. 2n 

69.1* 

1  3  . 

57.35 

13.20 

54.9* 

OCT 

IS 

1  4  .?* 

54,35 

14.14 

69.J4 

13.74 

57,27 

13.5.8 

5*.9i 

OCT 

16 

1  4  ,?i 

54.35 

14.14 

8  9 . 1 1 

13.72 

$7.19 

13.14 

54.63 

PCT 

17 

1  4 , 4  •> 

4fl  .21 

14.2.) 

69.14 

13.71 

57.14 

13.13 

54.73 

OCT 

18 

1  6  .  V 

43.75 

14.78 

4  1.4* 

13.76 

s;.  26 

13.11 

54.63 

OCT 

1« 

1  6  .  ?3 

67.61 

1  5.81 

*i.4n 

14.04 

58,  5* 

13.10 

5ft  .  57 

OCT 

20 

'  7  ,?3 

71.80 

16.88 

7  0.36 

15.63 

65.12 

13.11 

f  ft. til 

UP E  A  T EH 

THtN 

greater 

Than 

SREaTEH 

THAN 

greau* 

T  f  A* 

1.  5x  in£  xm. 

2 

1.5xln£*P»l 

1.5xlJE*P» 

0 

1. 5xlOElP» 

1 

OCT 

7 

1  3  .  0  7 

54,45 

12.71 

52.95 

12.28 

51, 17 

12.1)2 

5  0 . 10 

OCT 

a 

1 3 . 0  / 

54,24 

12.70 

52. 90 

12.2* 

51,01 

11.48 

49,63 

OCT 

9 

12.96 

S3, 4? 

12.«« 

52.86 

12.24 

50.99 

11,93 

44  ,  7  1 

OCT 

10 

12.6" 

53,67 

12.#6 

52.73 

12.23 

50, »6 

11.67 

49,46 

OCT 

11 

12.86 

53,5/ 

12.63 

52.61 

12.22 

50,92 

11.6* 

4V  ,34 

OCT 

12 

12.83 

53,48 

12.59 

52.46 

12.21 

50 , 88 

11.82 

49.23 

OCT 

13 

12.81 

53,3® 

12.54 

52.27 

12.20 

50.61 

11.76 

49.11 

OCT 

14 

12.7? 

53,22 

12.49 

52.03 

12.16 

50.76 

11.75 

48,97 

0CT 

15 

12.73 

53,0* 

12.43 

51.81 

12.17 

50,69 

11,72 

*8,82 

OCT 

16 

12.72 

53,01 

12.42 

51.75 

12.1* 

Sc.  54 

11. 7u 

48 , 74 

v 

OCT 

A  v 

17 

12.71 

52.9* 

12.40 

51.68 

12.11 

5(,,47 

11.68 

48. 68 

OCT 

1® 

1  2 . 7  ft 

5?, 91 

1  2.38 

61. 6c 

12.06 

50,o2 

11.66 

*8,60 

OCT 

19 

12.86 

52.84 

12.36 

51.50 

12.03 

50.13 

11.8* 

<8,52 

OCT 

20 

12.66 

52,77 

1  2.33 

51.39 

11.96 

49,90 

i:„62 

48,42 

Thirty  deg:  Page  I  1 


r> 


1 


greater  Than 
i.5x iofxr-6 


§*E»TtH  Than 
1.5xlo£xR»5 


GREATER  Than 
1.5xl0£*ft«4 


GREATER  Than 
l.Sxl6E*P»S 


l 


DAY 

or  the 

YEa«  hOI'RS  time  0/0 


hours  Tinr  o/o 


hours  tjhe  o/o 


HOURS  Time  r/O 


OCT 

21 

18. 

30 

76. 

2* 

OCT 

TT 

1*. 

42 

<0. 

72 

OCT 

23 

20. 

47 

®5, 

30 

OC  T 

TT 

?a  . 

,  4ft 

OCT 

2* 

?2 , 

,50 

«S, 

,73 

-orr— 7*~ 

73, 

,53 

78, 

,  0* 

OCT 

27 

74  , 

,00 

100, 

,00 

on — ar 

7 4  , 

.00 

100, 

,00 

OCT 

2* 

74 

.00 

100  , 

,00 

-on — rn 

7* 

.00 

100, 

,00 

OCT 

31 

74 

.00 

100, 

.00 

-ArOT- 

7S 

77 

.82 

mOV 

2 

73 

.  01 

75 

,8S 

-mrr 

— IT 

72 

.01 

71 

.71 

OR£aTER  Than 
l.Sxio£AP«2 


OCT 

21 

12.  i* 

52.68 

-etr- 

~T2 

12.42 

52, 5» 

OCT 

23 

12,60 

52.50 

OCT- 

TT 

12. 57 

»2,  S» 

OCT 

25 

12.54 

52,26 

OCT 

~7T 

12.51 

52,11 

OCT 

27 

12.46 

S\.7i 

TTCT — 7« 

17.64 

74,12 

OCT 

2« 

1«.1« 

77,86 

ttct  Ttr 

lV.56 

73, 1? 

OCT 

31 

12.45 

51,89 

-WOTT 

— r 

12,44 

5i,64 

NOV 

2 

12.42 

*1,75 

-Mitr 

12.3« 

51.64 

1  7 . 76 

74.82 

16.96 

17.10 

77.37 

16.27 

20.17 

84.11 

19.49 

-21.24 

46.51 

20.48 

22.31 

72.76 

21.70 

23.35 

77.27 

22.76 

74.00 

100. 00 

23.97 

24.00 

100.00 

24,00 

24,00 

100.00 

24.00 

24.00 

100.00 

24.00 

24,00 

100.00 

24.00 

23.88 

78.43 

23.0’ 

22.74 

74.74 

22.10 

71.72 

7o. le 

21.02 

GREATER 

Than 

GREATER 

1. SxlCEXRel 

1.  SxlO£*P 

12.30 

51.26 

11.75 

12.27 

51.11 

11.74 

12.22 

30.72 

11.73 

12.20 

30.82 

11.91 

12. 1« 

30.76 

11.70 

12.1* 

50.66 

11.86 

12.14 

50.38 

11.85 

12.11 

30.4* 

11.83 

12.08 

50.32 

11.7V 

12.03 

50.14 

11.76 

U.7» 

47,95 

11.73 

n.’8 

47.72 

11*67 

11.77 

47,67 

11.65 

U.»7 

47.66 

11.63 

70.74 

13.15 

54.61 

76.12 

14.2* 

59,40 

61,17 

17.12 

71.32 

65,94 

16.83 

76,46 

90.«1 

20.2’ 

64,46 

74,64 

21.57 

67,69 

99,67 

22.76 

94,65 

100.00 

24.00 

100,00 

100,00 

24 . 00 

100.00 

100.00 

23,73 

96,66 

100.00 

22.’* 

94,63 

*6.11 

21.69 

«0, 39 

*2,10 

20.** 

63,2* 

67,44 

17.0* 

77,40 

Than 

greater 

Than 

0 

■l.SxiOExR 

•1 

49, *0 

11.60 

46,31 

47,75 

11.57 

46,1* 

49,70 

11.53 

48,0* 

49,64 

11. *’ 

47,67 

49,64 

11. *5 

47, 70 

49,48 

11. *« 

47,65 

49.39 

11. *2 

47,59 

49,27 

11. *1 

47,53 

♦’ll* 

11.39 

47,46 

46,96 

11.37 

47,38 

46,80 

11. 3S 

47,30 

48,62 

11.33 

47,20 

48,54 

ll,3o 

47,10 

46,45 

11. /« 

46,” 

Thirty  deg:  Page  1 2 
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W' 

y 


k 


ijog 4  Tr s  Th»n 
l.Sxlr£*8-6 


Th*N 

1.5x1"E*8»5 


QBE  4  TE  B  TH*N 

i.sxior*p-4 


QBEATtB  TH»* 
1.5xinE*8»3 


•  0*v 
Cf  Tff 

VCiB  -ni'BS  T I  Mf  A/0 


H0UB5  TjHf  0/fl 


HQUBS  TINE  0/0 


wOlHS  Tl*t  f/P 


mOv 

4 

20 

97 

67. 3« 

M)V 

3 

1  9  # 

3« 

82.89 

MOV 

6 

1  8 

74 

78, 0* 

MOV 

7 

1  7 

70 

73,73 

►.OV 

6 

1  6 

6! 

69.31 

►  Ov 

9 

<5 

5" 

64 . 56 

\OV 

10 

1  4 

39 

39.96 

»OV 

11 

1  J 

74 

37.24 

A'OV 

12 

1  3 

.5" 

36,23 

►.QV 

13 

1  3 

50 

36.23 

►  OV 

1* 

1  3 

.5n 

36.23 

4,09 

13 

1  3 

.50 

34,24 

nOV 

1* 

,  4 

.60 

40.84 

4.0  9 

17 

15 

.7  0 

45.42 

?0 

67 

66.12 

19.89 

1  9 

56 

41.48 

18.6? 

18 

43 

76.78 

17.41 

1  7 

33 

?2. 21 

16.05 

14 

19 

47.43 

14.42 

1  4 

94 

*2.2* 

13.30 

4  3 

7  0 

3?.fl9 

13.19 

IS 

68 

37.0? 

13.15 

1  3 

46 

36. 07 

IS.  08 

IS 

46 

36.06 

IS.  O7 

1  J 

.45 

36.06 

13.06 

4  J 

.45 

56.J6 

13.03 

1  3 

.’0 

87.91 

13.08 

13 

.21 

63 .36 

13.19 

82,8? 

77.81 

72,55 

66,88 

60,10 

55.43 
54,94 
54,  ?7 

54.44 
54,44 
54,40 
54,  J? 
54,48 
54,98 


GheaUn  Than  G9£4'E«  Than  GR£*TER  Thai, 

l.Sx  li'EXk— 2  l.SxlOExP-1  1.5xl0EXB*0 


17.51  72,96 
15.5»  64,96 
13. 0J  54,29 
12.66  52,#J 
12.3?  52,38 
12.54  52.26 

12.51  52,1* 
12.49  52.02 
12.47  31.97 
12.47  81.94 
12.46  »t.9l 
12.45  31,97 
12.*«  51.84 
12.43  31,80 

GRE4U*  Th»K 

1. 5x 10E*^*1 


6, 0  9 

4 

12.3* 

Si 

bov 

5 

12.32 

5l 

MOV 

6 

12.2“ 

5l 

6  OV 

7 

1 2 , 2  1 

So 

MOV 

8 

12.1“ 

5  0 

MOV 

9 

12.15 

So 

►  09 
MOV 

10 

11 

12.1*4 

12.12 

So 

So 

MOV 

12 

12.10 

So 

MOV 

13 

1 2 . 0  y 

So 

►•OV 

1* 

12. 0; 

5  0 

MOV 

15 

12.0“ 

So 

MOV 

16 

12.0? 

5  0 

MOV 

17 

1  2  .  u  0 

<  9 

,50 

11.9* 

4»  .  03 

.34 

11.95 

49,78 

a6 

11*94 

49.73 

.9* 

11.92 

49.66 

.73 

11.91 

49,61 

.44 

11.89 

49.53 

.58 

11.87 

*9.44 

.51 

11.94 

49.34 

,  *♦ 

11.61 

49.22 

.36 

11.76 

49,08 

.28 

41.74 

48.92 

,1» 

11.  7u 

48 .74 

.09 

11.66 

46,68 

.99 

11.66 

48.65 

11.6o 

11.50 

11.54 

11.51 

11.40 
11.47 
11.46 
11.46 

11 .40 
11.44 
11.42 
ll.«l 
11. 3* 

11.36 


48,35 
46,23 
♦  6,10 
4/, 95 
47,63 
4/,  60 
4/,  77 
4/,  7J 
4  /  ,  69 
47,65 
47,60 

47,54 
«/,48 
«7.4l 


11.25 
11.21 
11.17 
11.14 
11.12 
11.10 
11.06 
11.  05 
11.03 
11,00 
10.96 
10.95 
10.9« 
10.93 


46,66 

46.71 

46 . 54 

46,40 
46,32 
46,24 
46,16 
46,06 
45,95 
45,65 
45.73 
45,64 
45,59 

45.54 
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DAY 

or  t*t 

Mil 

MOV  1* 
W» — vr 
MOV  20 
vtrr--7i 
MOV  22 
MOV  2* 
NOV  2< 
NOV-  T * 
MOV  24 
vtrv~2V 
MOV  24 

Mtrv'  2* 
NOV  3C 
PTC  l 


MOV  14 

vov  19 
MOV  20 
ICTTV — 21 
MOV  22 

vmv — tt 

MOV  24 
W? — TV 
MOV  24 

nrn — tt 

MOV  24 

«nrv — tv 

MOV  30 

-ore — r 


0»e*7€R  Than 
1.5xl0t*r«4 


hours  tihe  o/o 

16.41 

*0 » O* 

iT.*4 

74,74 

14.94 

79. e» 

70.00 

•  3,41 

21.04 

87, 4» 

22. 0* 

91.95 

21.12 

96,13 

24.00 

100.00 

24.00 

100.00 

24.00 

100.00 

24. on 

100.00 

24 .00 

100.00 

24 ,00 

100.00 

22.*’ 

95.79 

GREATER 

Than 

l.SxlOEXR 

•  2 

11,96 

49,90 

11.96 

49,86 

ll.»6 

49,41 

ll.«5 

49,74 

11.94 

49,74 

11.93 

49,72 

11.93 

49,70 

11.92 

49,46 

16.77 

69,46 

19.05 

79,3# 

18,50 

77, 07 

15.63 

65,11 

ll.’O 

49,58 

11.87 

49,47 

srCaTer  Than 
i.sxioevms 


HOURS 

TJhc  0/0 

14.43 

48.40 

17.99 

7S.SC 

11.68 

77.85 

14.79 

43.37 

20.90 

46.49 

21.9* 

91. Of 

21.97 

99.11 

21.99 

•  9.69 

34,00 

100.00 

24,00 

100.00 

24.00 

100.00 

94,00 

100.00 

2l.#2 

99.34 

23.72 

94.47 

GREATER  Than 

1.5xl0E*r.i 


11.47 

46,41 

11.96 

46.97 

ll.*5 

46,53 

11.64 

46.46 

11.63 

46.44 

11.62 

48.40 

U.6e 

46.35 

11.59 

40.30 

11.58 

48.29 

11.9* 

46.20 

11.55 

48,14 

11.54 

46.06 

11.53 

46,03 

11.91 

47.97 

GREATER  Than 

1.  SxJ8|*R«4 


HOURS 

tine  e/e 

14.96 

42.34 

16.92 

66,41 

17.83 

74,30 

19.03 

79,34 

30.12 

83,84 

21 . 1 6 

84.34 

32.24 

92.64 

23.31 

97,13 

24.00 

100.00 

24.00 

100.00 

24,00 

100.00 

24,00 

100,00 

23.22 

96.74 

22.14 

92.27 

GREATER  Than 

l.Sx  1 0E  *  R»  0 

11,36  4  7,32 

11.33  47,23 

11.31  47,12 

11.26  46,99 

11,24  46, BJ 

11.21  46,72 

11.21  46,70 

11.20  46,64 

11.20  46,64 

11.1*  46,64 

11.1*  46,62 

U,1B  46,** 

11.16  46,67 

11.17  46 | *5 


QNEATtH  than 
i.  sxioe**»i 


HOURS  Tint  e/0 

12.42 

*1.77 

13,51 

52,12 

13.49 

54.21 

16.53 

44.66 

18.20 

75.64 

19.61 

81.70 

20.69 

47.05 

22.11 

92.11 

23,31 

97,13 

24.00 

100,00 

24.00 

100.00 

23.13 

96,37 

21.96 

91,<9 

20.66 

64,06 

GREATER 

Than 

1.  SxlOCxP 

•l 

10.92 

45,49 

10. ’1 

45,44 

10.6’ 

45,36 

10. OB 

45,32 

10.06 

45,25 

10.09 

45,18 

10.82 

45,10 

10. 8C 

45,01 

10.78 

44, »1 

10.79 

44,81 

10.73 

44,69 

10,71 

44, 64 

10,71 

44,62 

10.70 

44,59 

Thirty  Heg:  Page  14 
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G»£lTffl  THaN 


a«E*TfR  than 

i.Sxioexr»s 


greater  than 

i.sxioe*p»4 


GRCaTcR  Tmaa 
1. SxlOCxP*} 


•  Oiv 

or  tnc 


mOI'BS 

f  I*C  1>0 

ncc 

a 

91.95 

*1.45 

ncc 

s 

90.  01 

06,7* 

DEC 

4 

19.7.1 

*2.21 

etc  - 

9 

10.71 

77.94 

ntc 

* 

17.04 

73. *5 

BCC 

7 

«  4  .  A  J 

69.2* 

ntc 

0 

1  5. 5* 

*4,5’ 

occ 

9 

14.41 

4fl, 03 

ncc 

10 

1.1.29 

55.1* 

ncc 

11 

1  J.24 

55.1* 

ncc 

12 

1  3.2* 

55.1* 

ncc 

U 

is. a* 

55.1* 

occ 

1* 

1 1 .24 

55.1* 

ncc 

15 

1  4  .  i  * 

50,70 

hQUAS 

TlHf  o/o 

HOURS 

71.00 

*0.20 

21.01 

20.55 

05.04 

14,07 

1*.*5 

*1.04 

10.71 

10.  «0 

70.00 

17.54 

It.  J4 

72.27 

10.30 

10.2? 

0  7,00 

14.02 

U.  0« 

42.40 

1?. *e 

1  J.*4 

94.04 

12.00 

1I.20 

55.00 

12.76 

i  >.2o 

94.99 

12.70 

13.20 

54,94 

12.7* 

13.20 

94.49 

12.76 

13.20 

54,49 

12.7* 

13.22 

95.00 

12.7* 

TIH£  o/b 

HOURS 

tine  o/o 

07,14 

1* .  20 

00.35 

02.00 

17.03 

74,31 

77,90 

14.15 

*7.30 

71,00 

13.S7 

57;  70 

47, *1 

12.33 

51.30 

61.75 

12.21 

50.0* 

54 ,  o* 

12.20 

50.«4 

53.33 

12.1* 

50.«0 

53,16 

12.1* 

50.70 

53.15 

12.10 

50.76 

53.15 

12.10 

50.73 

53,16 

12.17 

50.71 

53.1* 

12.14 

50.4’ 

53.27 

12.1* 

50.66 

U6£tftN 

Than 

G*CAl£H 

Than 

GRCaTIR 

Than 

GR£a  F £H 

T  haa 

1.  Sxl"£  At*' 

2 

1. SxlOCAN* 

1 

1 . 5x1 01  * *• 

0 

1.  ExIOExP* 

1 

BCC 

2 

11.03 

49,31 

11. So 

47.91 

11.17 

46,53 

10.7o 

44,57 

tsce 

3 

11.76 

4*,10 

11.40 

47.04 

11.16 

46.5J 

10.69 

44,55 

ncc 

4 

11.7* 

40,93 

11.47 

47.77 

11.1* 

46,40 

10.6V 

44,53 

ncc 

5 

11,74 

40,92 

11.45 

47.7c 

11.12 

46,40 

10.60 

44, Si 

ncc 

6 

11.74 

40,91 

11.43 

47.6? 

11.1* 

44.4J 

10.60 

44,49 

ncc 

7 

11.74 

40,90 

11.41 

4  7.54 

11.1* 

44,41 

10.67 

44,47 

ncc 

0 

11.73 

40,09 

11. 3* 

4  /  ,  44 

11.13 

46,30 

10.67 

44,45 

ncc 

9 

11.73 

40,00 

11.3* 

47.34 

11.12 

46,34 

10.66 

«4,43 

ncc 

10 

11.73 

40,07 

11,35 

47,31 

11.11 

46,31 

10.66 

44  41 

ncc 

11 

11.73 

40,06 

11.3* 

47. 32 

11.11 

46,27 

10.45 

44,39 

ncc 

12 

11,72 

40,04 

11.36 

47,34 

11.10 

46,23 

10,65 

«4,J7 

ncc 

13 

11.72 

40,03 

U.37 

47.37 

11. OV 

46,19 

10.64 

44,35 

occ 

1* 

11.72 

40,02 

11.37 

47,39 

U.0» 

46,15 

10.»4 

44,32 

ncc 

15 

11.71 

40,00 

11.3* 

47.41 

11.0® 

*6,09 

10.63 

44,30 

Thirty  deg:  Page  15 


Is 


a#c*fr*  than 

l.SxiOC*R»* 


GREATER  Than 

i.sxioexr«s 


GREATER  Than 
l.Sxl3t*R-4 


GREATER  Than 
1.  Sxl0ExR»S 


DAY 

of  THE 
TEAR 


DEC 

1* 

“trcc~ 

"TT 

PEC 

1* 

etc 

~I* 

DEC 

20 

urc- 

TX 

CEC 

22 

otc—rr 

CEC 

24 

WETT— 25 

PEC 

26 

PEC 

~Tf 

CEC 

20 

etc 

16 

"BtC 

"TT 

CEC 

1* 

■  etc— rr 

DEC 

SO 

*  pit 

TT 

DEC 

22 

Bit — 2T 

CEC 

24 

Dl  t 

~ 2T 

PCC 

24 

Dtt 

~V 

P£C 

2* 

hChRS 

tine  0/0 

15.25 

43.54 

1  6 . 4  J 

46.45 

l7.46 

72.64 

16.50 

77.0* 

1  4 . 56 

*1,48 

90 .60 

65,65 

’1.66 

*0,25 

92 ,  Tl 

*4,4* 

93.75 

*6. *4 

94.00 

100.80 

94.00 

100.00 

94.00 

100.00 

94 .00 

ioo. oo 

’4 .00 

100.00 

HOUR! 

TINE  0/0 

14.78 

61.15 

14.01 

46.71 

17.1* 

71.1(1 

16.21 

75.66 

i*.26 

*0.33 

20.  ** 

*4.7? 

91. *6 

*9.0* 

22.4* 

*3.47 

91.53 

*6.04 

94.00 

1  on .  on 

94.00 

loo. 0P 

94.00 

1P0  .  OP 

94.00 

IPO . 00 

94.00 

lno.or 

hours 

TINE  0/6 

12.«* 

M.7i 

14,41 

60. 0* 

16.0* 

66,61 

17.33 

72.20 

16.50 

77,0* 

1«.*2 

61.7* 

2(1.70 

66. 2S 

21.61 

70.67 

22.’1 

95.45 

24.00 

100.00 

24.00 

100.00 

24.  00 

100.00 

24.00 

100.00 

23.61 

96.14 

OBCiTEH  Than  GREaTE*  Than  GREATER  THAN 

l.$x!0E*P«2  1.5xlO£XR»l  1.5xlC£*R*0 


11.71 

46,79 

11.39 

11.70 

46,77 

It.*’ 

11.71 

48,76 

11.40 

11.73 

46.6* 

11.66 

11.76 

48.99 

11. *1 

li.7» 

49,11 

11.42 

11.61 

49,20 

11.42 

11.63 

49, 2» 

11.42 

11.64 

49,34 

11.61 

14.76 

62,32 

11.41 

1«.26 

7*.  o’ 

11.44 

l’.l5 

79,81 

11.44 

J  7 , 3  0 

72,10 

11.44 

11  .<■* 

49,  *2 

11.44 

47.44 

11.05 

46  ■  04 

47.47 

11.0* 

45,99 

47,49 

11.02 

45.93 

47. Si 

11.01 

45,67 

47.14 

10.  »» 

45,61 

47.54 

10.’B 

45,75 

47.5* 

10.7* 

45,74 

47  .60 

10.76 

45,75 

47  ,*2 

10.76 

45,74 

47.64 

ID-’* 

45,74 

47.65 

10.76 

45,77 

4  7,46 

10.’y 

45,77 

47.67 

10.77 

45,78 

47,69 

ID.’’ 

45,78 

hours  tihe  e/o 

12.16 

50.65 

12.15 

50.6* 

12.2* 

51.00 

12.65 

52.73 

15.76 

65,73 

17.55 

73.14 

18.97 

79,05 

20.30 

64.56 

21. *0 

90.01 

22.65 

9S.22 

24.00 

1«0.  00 

24.00 

100.00 

23.73 

98.89 

22.35 

93.13 

greateh 

ThaA 

,.  Sx  lOExR 

•1 

10.63 

44,28 

10.62 

44,26 

10.62 

44,24 

10.61 

44,22 

10.91 

«4,19 

10.60 

44,17 

10.60 

44,16 

10.9’ 

44,14 

10.97 

44,12 

10.57 

44,13 

10,60 

«4, 1« 

10.62 

44,23 

10.6* 

44,27 

10.64 

44,32 

Thirty  deg:  Poge  16 


;■  \ 

■J 

«w 


'M 


M 

H 


30 


G  = 

FiTfW 

T«*N 

GOEAlfH 

Tma'4 

fiSf *TEB 

Than 

GBEatE« 

T  p  aa 

l.Sx 

1  "E  *'*• 

6 

1.  Sxl  nE  *8- 

5 

1.  Sxl  PE  *P* 

-4 

1.  Sxl  rE 

J 

Da  v 

cr  T*f 

VE  A 

u 

-O' 

w9  n«E  -i/o 

HO'iflS  Tl**r  o/6 

*0"RS  1J1F  0/0 

mO"*8‘s  t  i he  r/n 

DEC 

30 

?3  . 

S'* 

07. 47 

?3.12 

«6.35 

22.47 

93.63 

21.09 

67.87 

PEC 

31 

5?  . 

?< 

9?. 67 

72.00 

91.66 

21.37 

89,04 

1?  ,  7H 

«2. 43 

j  AN 

1 

■u . 

2'.1 

98.4? 

7i). *4 

•7.25 

2n  .2* 

84, 30 

18.41 

76. 73 

JAN 

2 

’0  . 

?c 

•4.1* 

1».«2 

*2.99 

19. I* 

79,96 

16.93 

70.53 

1  A  N 

3 

,  9  , 

1  o 

79.95 

18.89 

78 . 7n 

18.07 

75,28 

14. 9n 

62.09 

J  AN 

4 

i  8 

. * 

75.67 

<7,83 

74.28 

16.86 

7o  .2: 

12. 4n 

‘1.6? 

j  AN 

5 

1  7 

no 

71  .21 

i  6 . 7i 

*  0 . 6  i 

15.44 
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31.34 

12.*9 

3 1 , 6  7 

12.42 

31,7* 

12.9* 

51.0* 

12.*3 

3l  ,  9 o 

12.47 

tl.9* 

1?.  *» 

5 >  ,  V8 

12.40 

3<  .  17 1 

Tl  r ' /  'Icy  71 


djrtifiiMtMtii’lriiiWi  'Himwiw 


(jot  A  TfW  Th»6 
l.Sx  1'CxR-J 


"Om-S  T  i  hf  f/n 

2*. ..3  100.00 

23.54  98, 03 

?2.4*  94. 0« 

21.11  *7.9* 

19.7?  82.37 

18. 21  75.18 

16.3.  87.93 

13.94  *6. in 

13.  «7  54  .  1? 

1  3 . « 8  36.04 

13. 47  *6.1? 

13. A'’  *6.15 

13. «"  *6.18 

13. «v  *6.2i 

GR E  A  I E  H  THAR 
1. Sx 10£xR«l 


11.76 
11.02 
11.05 
11.00 
11.40 
11.42 
11. 4* 
11.93 
11.47 
11.44 
12.0? 
1  2  .  U  5 

12.-4 
12. 1* 


«9 . 0  7 
A  9 , 2  J 
*9,47 
44  ,  AO 
*4 ,58 
49,66 
AV  ,7a 
44,00 
*4,06 
t  ;,43 
50.09 
50.22 
50.47 
40 ,6* 


'i 


DAY 

or  TM£ 

▼ear 


„A»  10 

men — rr 
wAR  13 

TI» - JS 

WAR  14 
win  i* 
wAR  16 
WAR  17 
«AR  1« 

wire  ir 

wAR  20 
HAW  31 
WAR  23 
RIB-  TS 


WAR  10 
VAW  11 
WAR  12 
mrer— u 
WAR  14 

■vvx-  ir 
war  16 
men — i? 

WAR  ie 

vn — it 

WAR  20 
thtt — 71 

WAR  22 

bit — rr 


\ 


Oof»rrR  Thaw 

ORtAtefl  Than 

OREatER  Than 

OBL’aTEH  th*k 

l.$xlrC»B«* 

1.  Sxl0CXP»5 

1.  >Xl0t*P-4 

1. 5x1  OEXP"  J 

W0"HS  TIME  (1/0 

hours  Tlwf  o/ft 

hours  TIHE  0/0 

HOURS  TIME  C/f) 

jpj 

58,67 

1  A  ,  5  p 

60.40 

14.46 

60*26 

14.13 

13.5o 

56.23 

l4.5p 

60,40 

16.47 

60-27 

14.16 

58,9$ 

13.51 

56.27 

14.90 

62,47 

14.92 

62.16 

14.30 

59,59 

11.59 

56.6? 

1  S.JO 

63.70 

14.98 

62.22 

14.85 

59,78 

13.66 

56. 9j 

16.45 

68.56 

15.84 

66 . 06 

14.46 

60.26 

13.  7J 

57.19 

1  7  ,  ?9 

73.29 

1  7.12 

71.36 

15.25 

63.56 

13.00 

57.49 

18.71 

77,98 

18,33 

76  .  ,19 

16.98 

70.  ’5 

13. ew 

5  7,8s 

19.84 

«2.77 

1  9 , 47 

61.1? 

18.43 

76. 

14. is 

58.05 

1 

70.95 

87.2’ 

70.62 

85 ,9n 

19.71 

62,13 

16 .4J 

68.47 

71.96 

«1.?1 

71.65 

90.27 

20.08 

86,99 

16.42 

76. 7« 

72. e« 

96.33 

72.58 

94 .0* 

2‘  .  9 0 

’1,24 

19.91 

02.95 

73.67 

98.43 

73.39 

47,47 

22.78 

94  ,V! 

21.15 

88.12 

\ 

7  4 . 0  " 

100.00 

74.00 

160.00 

.3,56 

98,15 

22 .19 

92. 4A 

.. ! 

74. pp 

100.00 

74.00 

100*00 

24. 00 

100,00 

23.08 

96,17 

GREATER 

Than 

QCE  A 1 E  R 

Than 

QBtATlR 

Than 

greater 

Than 

j 

1. 5x1 C£  XP« 

2 

1 . 5x1 0E  *P»  1 

l.Sx  1CEXP 

•  0 

1.  SxlOExP*! 

13,22 

55.10 

12.«4 

«3.«0 

12.49 

52 , 04 

12,21 

50.07 

13,28 

55,32 

1 2  c  9  5 

53.97 

12.50 

>2  •  06 

12,25 

51,05 

_  _ 

13.12 

55. SI 

12.96 

54.01 

12.51 

52,20 

12,29 

51, 21 

13.16 

55,66 

1«.*7 

54.05 

12.61 

52,53 

12.32 

51,34 

.  •  » 

13.19 

55.78 

12.98 

54.00 

12.68 

52,04 

12,35 

51,45 

13.41 

55.89 

12.99 

54.11 

12.94 

53, 07 

12,17 

51,55 

13.43 

55.96 

12.99 

54.1J 

12.  ># 

53,27 

12.39 

51,63 

. .  j 

13.45 

56.03 

li.g* 

54.J4 

12.02 

53,48 

12,41 

5 1. ,  7  0 

i 

13,46 

56.0’ 

13.10 

54.57 

12.05 

53, »5 

12,43 

51,77 

11.47 

56. 1» 

13.1* 

54,75 

12.00 

53,65 

12.44 

51,83 

13.48 

56.1* 

13,17 

54.10 

12.90 

53,74 

12.46 

91,  «* 

'  i 

11.53 

56.8' 

13. 1« 

54.90 

12.91 

53,»1 

12.50 

52,10 

13.59 

56,61 

11.22 

53,08 

12.93 

53.00 

12.65 

52,30 

13.63 

56,79 

11.27 

56.27 

12.»« 

53,93 

12.59 

52,46 

7i 


Tk.  22 


b  0 


G°CiTrS  Than 
i.  5xi  ■'E®  P-6 


(JO£aTe»  Than 

C,»E  a  ft  H  Than 

GB£aT£W  Thaa 

l.Sxm£*P-5 

l.Sx  lOlXP-4 

l.Sx  l"EAP*J 

Oat 
f  THE 


YEAfl 

hOhSS 

TIHE  o/o 

hqiiBS 

TIhe  O/o 

«0I  IBS 

T I if  o/O 

nouns 

TInf  r/o 

MAS 

34 

?4  ,  op 

100. 00 

24.00 

lo  0 . On 

24.00 

100.00 

24.00 

100,00 

25 

?  4  .  o  1 

190.00 

24.00 

100.0" 

24.00 

100.00 

24.00 

100.00 

HAS 

36 

?4  ,  or: 

100.00 

24.00 

lo  0 .  on 

24.00 

100.00 

24.00 

100.00 

H  tV 

3  7 

64,00 

100.00 

24,00 

loo  .00 

24.00 

100.00 

22.91 

95.45 

HAH 

2» 

?i  .00 

98.57 

2J.41 

97.50 

22.67 

95.27 

21.66 

90.25 

PAR 

25 

’2.57 

«4  .  Q« 

22.  J5 

«  3 . 12 

21  .76 

9  Q  .  6  2 

20.21 

0  4 , 4  p 

HA« 

JO 

?1 . 4« 

«  9.52 

2i.  2? 

48.41 

2n.6J 

85,95 

18.69 

77.80 

HAS 

31 

’0.40 

85.1® 

20.15 

03.97 

19.40 

01,09 

16.81 

7o  .  05 

APS 

1 

'9.4' 

8o.82 

19.07 

79 . 40 

18.26 

70,19 

14.51 

60.47 

APB 

2 

10.4' 

7  A  .  09 

1  8 . 0* 

75.25 

17.15 

71.44 

14.34 

59,7ft 

A  Ph 

3 

1  7.4- 

72,81 

1  7.  1« 

71 .46 

10.03 

66 , 79 

14.29 

59.53 

A  PH 

4 

,0.94 

7  0 . 59 

1  6.  5J 

08,00 

15.27 

63.61 

14.29 

59.53 

A  H  H 

5 

1  6.2r 

47.54 

'5.72 

A  5  ♦  5  n 

1  5 . 1  i 

62.99 

14.35 

59.77 

APS 

6 

1  5.74 

65,40 

1  5.68 

A  5 . 3 1 

15.11 

62.95 

14.41 

60.05 

Uo£  a  T  t  h  Than  '  GB£*»£R  Than  g»£aUB  Tman  jot  a  I E  h  Thau 


l.SxinCXP- 

2 

1. Sxl 0£  *P«l 

l.Sx 

10EXP 

♦  0 

1. SxlOExP 

*1 

haH 

24 

l'’.2J 

71.77 

1  3 . 3u 

55.43 

12- 

97 

54, 

U2 

12.62 

52,59 

HA* 

25 

1 9 , 0  2 

79,23 

13.33 

55.55 

13. 

03 

54, 

30 

12.65 

52,09 

-AH 

26 

1  7 , 8  1) 

74,1/ 

1  3.30 

55,65 

13. 

0® 

54, 

53 

12,07 

52,79 

HAU 

27 

1 3 , 7  3 

57,20 

1  J  .  io 

55.74 

13. 

12 

54, 

68 

12.6® 

52.66 

hah 

28 

1 3 , 7  “ 

57,23 

1  3 . 4  0 

55.83 

13. 

1 5 

54, 

do 

12.70 

52,93 

haB 

29 

U.  74 

57,25 

13.46 

56.0* 

13. 

16 

54, 

®  0 

12.72 

52,99 

-Art 

30 

13.74 

57,2/ 

14.53 

50.37 

13. 

1® 

54, 

97 

12.74 

53,04 

HAH 

J1 

13.77 

57.3* 

li.50 

60.58 

13. 

21 

55. 

03 

12.70 

53,16 

APH 

1 

1 3 , 8 . 

57,51 

13.02 

50  7  5 

13. 

22 

55, 

0  7 

12.79 

53,30 

aPh 

2 

13.86 

57,84 

13.65 

56.68 

13. 

23 

55, 

11 

12.85 

53,53 

ap« 

3 

1  3 , 9  5 

58.13 

13.67 

50.97 

13. 

23 

55. 

14 

12. ®1 

53,8o 

APH 

4 

14.01 

56,37 

1  3 , 09 

57.05 

13. 

2* 

55, 

17 

12.  V0 

54,01 

APH 

5 

l4 . 06 

50,56 

1  3  .  7i 

57.li 

13. 

25 

55, 

2  0 

13.01 

54,19 

APh 

6 

14,0® 

58,73 

13.72 

57,15 

13. 

31 

55. 

45 

1 3 ,  /4 

54,  J4 

Thirty  deg  Poge  23 


e? 


.'.'v-  .v  _  .  .  .  ..*»•  ►. 


D*Y 

OF  THt 
YEA* 


APR 

* 

TPfr~ 

s 

apb 

* 

"IT* 

TIT 

APB 

11 

ttR- 

~rr 

AP« 

u 

it* — rr 

AP« 

15 

A  PR- 

”TT 

AP« 

17 

at* — r« 

APR 

1* 

UPtATfR  than 

8*CaTe*  Than 

GREATER 

Than 

GREATER 

Th*K 

1.Sx10£yP-6 

l.Sxloe*R»S 

1.5xlO£*P»4 

1.5JdOE*r»,S 

1 

1, 

HOURS  TIH£  o/o 

HOURS  TIhf  0/0 

HOURS  tihe  0/0 

HOURS  Tin-  0/0 

LKt 

ai 

15.74  *5.59 

15.88 

65.17 

15.11 

63,05 

16.47 

6  0.2* 

is. 74  65, *0 

15.68 

45.14 

15.16 

63.15 

14.32 

60. SO 

15.74  45.60 

15.68 

45.  IS 

15.18 

63.34 

14 . 56 

60.68 

l5,?4  65, *0 

15.66 

AS.  16 

15.20 

63.31 

14,60 

60.82 

» 

iS. 74  6S.60 

15.69 

63.18 

15.21 

63.39 

14. 6J 

60.95 

16.73  66.71 

l5.9l 

66.31 

13.25 

63,55 

14,65 

61.06 

1 7 . 94  74,76 

17.18 

72.46 

15.46 

64,41 

14.66 

61.17 

19.11  76.62 

18.67 

77.78 

17.1* 

71,42 

14.7l 

6l.3o 

.i 

70.1*  *4.11 

1  9 .  Si 

82.53 

18.67 

77,79 

14.77 

61,53 

« 

PI . 41  86,20 

71  rtr5 

*7.63 

19.98 

83.24 

15. *S 

66,46 

72.2?  »2.59 

71. *1 

*1 . 2« 

2 1  .  0* 

87,47 

18.16 

75,68 

22.86  *5.67 

22.67 

44,44 

21  .’2 

81.33 

19. 7« 

82.25 

t 

73.58  88,26 

71.  IS 

*7.20 

27. 6S 

84,3* 

20  .  *0 

e7.oe 

?4.or  ioo.oo 

?  J  .  *2 

69.66 

23.10 

87,0* 

21.84 

91.00 

GREATER  Than 

GREATER 

Than 

GREATER 

Than 

GREaTEh 

T  ha* 

’  ( 

1.  5x  ll't*P«2 

l.Sx  10CKR- 

1 

l.Sx  10t«P*0 

l.Sx 10£*R»1 

t» 

58,86 

1  8 

73 

57.19 

13.  JB 

S3. 

74 

13,  l7 

54,47 

38,97 

13 

7  3 

37.22 

13.43 

56, 

03 

13.10 

54,58 

59.0* 

13 

74 

57.24 

13. SO 

56, 

25 

13.12 

54.67 

54,13 

13 

76 

57,13 

13.53 

36, 

44 

13.1* 

54,76 

59, 1* 

It 

82 

57.59 

13.38 

36. 

39 

13.1* 

54,83 

59,23 

13 

87 

57.78 

13.41 

56, 

71 

13.18 

54,90 

57,27 

It 

*0 

57.93 

13.63 

56, 

«1 

13.19 

54,96 

39,37 

13 

93 

58.04 

13.66 

56, 

*0 

13.20 

53,  02 

59.61 

13 

96 

58,18 

13,67 

56, 

97 

13.23 

53,19 

59,80 

14 

02 

58,40 

13.69 

57, 

03 

13.29 

53,38 

59,93 

14 

.06 

58,58 

13.70 

57 

08 

13.33 

53,53 

*0  ,  o  ' 

16 

.10 

58,73 

is  *: 

37 

13 

13.36 

55,66 

6o  ,30 

14 

.12 

58,85 

13.77 

S  7 

3* 

13.3* 

55,77 

6q,62 

14 

.13 

58,95 

13.82 

57 

57 

13.41 

53,86 
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0*v 

Cf  Tmi 
Y£a  0 

kP*  21 
IP*  22 

1PN  23 
IP*  24 
kP*  25 
iP  *  26 

IP*  27 
kP*  26 
kP*  29 
kP*  JO 


HAY 

l 

HAY 

2 

HAY 

i 

“AY 

4 

APH 

21 

iPS 

22 

AP« 

21 

k  PS 

2* 

*p« 

25 

tPR 

26 

AP* 

27 

*P« 

2S 

iP« 

29 

*pa 

33 

“AY 

1 

P*Y 

2 

»  kV 

3 

»*v 

4 

Ge£  Tra 

Tm^' 

r,o£  4  Tf  fi 

THAN 

r,ee*T£w 

Than 

r.wt  a  T£h 

Tha  6 

.Sx  »*»- 

i6 

1.  Sx  irexP. 

■5 

X. Sx  Iff xp- 

c 

1.  Sx  16£»P. 

3 

-0’«s  t i nr  r/fl 

«0!'*S  Tlnr  o/o 

Hfl'iMS  TIN£  0/6 

hquhs  7i„r  r/n 

V  *  .  0  " 

140.00 

94.00 

100.66 

74  .  Ou 

100.00 

22.67 

94.45 

94 . 0° 

160.00 

94.06 

160*06 

? 4 .0" 

100.00 

23.41 

97 . 5.3 

9  4 , 0  n 

140.00 

94.06 

160.06 

24.00 

100.00 

94.00 

100.00 

94  ,  O'* 

140,00 

94.00 

1 r 0 . o« 

24.00 

100.00 

24. 1)0 

100.06 

94 , 0n 

1"0  .00 

94.00 

160.0" 

94.00 

100.00 

23.53 

98.02 

94.0'' 

144.00 

94.00 

1  "  0 . 0  " 

9.1.42 

97. 56 

92.  16 

92.33 

9  1  .  99 

96.73 

9?  .94 

95.57 

99.3? 

92,99 

90.77 

86.54 

■>2  ,\7 

99.37 

21 .86 

91-16 

2l  .18 

88,27 

19.28 

f  0.33 

91 . 1  4 

88.15 

90.86 

•6 .80 

26*1? 

83.85 

17.69 

73,72 

90.9! 

*4.22 

<  9 ,9i 

*2.97 

19.1* 

79  ,  74 

16.03 

66.8n 

<9.41 

«p  .  66 

<9,09 

79  .  IX 

<  8 . 2? 

75, 9\ 

1 5 .  *  0 

44.16 

<8,4* 

77.65 

<8.35 

»*  .4* 

17.3« 

72,33 

15. 3* 

63.’6 

1  ?’99 

74.97 

<  7.67 

73.64 

16.49 

68.71 

15.35 

63.95 

<7.44 

7?. 67 

<7.04 

71.0? 

16.10 

67,  oe 

15.36 

63.99 

fip£4tt« 

In*  \ 

G«£*l£* 

Than 

GPEaTEH 

Than 

GB£*T£H 

T  h  a6 

..  Sx  1<'£*P 

-2 

l.Sx  1 0  £  X  P 

•1 

1.  Sx  10£XP. 

>0 

1. 5x  10£xP 

♦1 

14.60 

60,83 

14.17 

59.0* 

13.86 

57,74 

13,43 

55,94 

14,63 

60.’9 

14.18 

59.10 

13.89 

57,86 

13.44 

56.01 

16.79 

69.95 

14,20 

59.16 

13.91 

57,96 

13.47 

36.12 

16.09 

75.23 

14,26 

59.41 

13.93 

58 .04 

13.51 

56,28 

14.62 

60,93 

14,31 

59.63 

13.95 

58.11 

13 . 54 

56,41 

14. 6« 

61  ,  0* 

14.35 

59.60 

13.*o 

58,16 

13.57 

56,54 

14.71 

61,2' 

14.30 

59.94 

13.97 

58 , 2o 

13.59 

56. 6S 

14.75 

61,48 

14.41 

60 . 0« 

IS.’" 

58.24 

13,6? 

56,74 

<4.79 

61  ,6* 

14.43 

60.1? 

14.02 

58, 4V 

1  '..64 

56,63 

14.83 

61.78 

14.45 

60.19 

14, 06 

58,57 

13.69 

57.02 

14.85 

61,90 

14.46 

60.24 

14.  O’ 

5B,7i 

13.73 

57,20 

14.8“ 

62,00 

14.47 

60.28 

■  14,12 

58,83 

is,  n 

57.36 

14.9! 

62,10 

14.46 

60.32 

14.14 

5B.9J 

13.60 

57.49 

14.92 

62, 1<* 

14.46 

60,35 

14,18 

59,08 

13.82 

57,60 

Thirty  d«q;  Pog«  25 
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0#Eitffi  Tm*h  GREaTeR  TmaR 

1.5xlOCxP»6  l.SxlOC*P»S 


Day 


er  the 

TEA# 

hO"RS  time  0/0 

mQURS  time  0/0 

*AY  8 

16.64 

’6.1* 

16.47 

48.61 

toy —  » 

16.  SO 

68,73 

16.45 

68.54 

MAY  7 

1  6 . 50 

68, 7S 

14,45 

68.55 

'HIT - 8‘ 

16,74 

69.76 

16.68 

49.52 

«AY  9 

16.74 

69,77 

i6.69 

49.33 

nn^'in 

16.74 

69,77 

<6.69 

89.34 

MAY  11 

1  7 . 04 

’1.60 

16.7(1 

49.39 

MIT"  12 

i  8. 44 

77.03 

17.61 

74.21 

may  IS 

1  9. 58 

8l.S* 

1  9 ,  O’ 

79.45 

WIT  “If 

?0.** 

45.35 

70.10 

43.75 

MAY  IS 

?1 .2* 

48,65 

70. *3 

*7.23 

M1T“  16 

71.97 

*1.34 

71 .66 

«0.26 

may  IT 

72.55 

93.98 

72.24 

92 . 84 

PTY  18 

73. is 

96,3’ 

72.66 

95.25 

GREATER 

Imam 

QREA lE« 

Than 

1.  5xi0ExP«2 

1.5xl0£xP 

•  1 

may  S 

14.94 

62.24 

14.50 

60.43 

tot-  tr 

14. 93 

62.30 

14.55 

60.62 

may  ? 
tty — r 

14,96 

*2,35 

14,56 

60.77 

14.97 

62.3’ 

14.61 

60. *0 

MAY  * 

14.96 

62,42 

14,64 

61.00 

Tnrr— itt 

15.00 

»2.50 

14.67 

61.12 

MAY  11 

1 5 , 0  « 

62.68 

14.72 

61.15 

BTT"  "FZ" 

15.0» 

62.64 

14,77 

61. S3 

may  u 

15.11 

62.97 

1  4  ,  »  0 

61.69 

TOY - T«  • 

1 5 . 1  « 

63.08 

14,63 

61.  §1 

MAY  is 

1 5 . 1 7 

63.1’ 

14.66 

61.92 

MAT-  18 

1 5 .  ?  0 

63,34 

14,66 

62.01 

MAY  IT 

15.26 

63,54 

14,90 

62.09 

tot — rr- 

15.2’ 

63. 6» 

14,92 

62.15 

GREATER  Than 

GREATER  Tma* 

1.  5xl0E*P«4 

l.Sx  lOExP-S 

hours  tike  0/6 

hours  time  t/o 

16.01 

66,72 

15.38 

64.08 

% 

16.02 

66.74 

15.40 

64.16 

16.04 

66,83 

15.42 

64.2 

- 

16.11 

67,13 

15.44 

64 ;  32 

I 

16. IS 

67.27 

15.45 

64,38 

\ 

16.1* 

67,41 

15.46 

64.43 

16.22 

6  7.88 

15.47 

64,47 

16.3’ 

68.2? 

15.50 

64.60 

I 

17.00 

70.84 

15.57 

64.89 

1 

18.63 

77.42 

15.66 

65.24 

19.83 

82.62 

i5.e? 

65.93 

20.75 

*«.  ,46 

17.43 

72.7? 

21.51 

89,63 

1».U« 

79.32 

•( 

22.15 

92,30 

20.14 

83,91 

GREATER 

TmaR 

GREATER 

ThAK 

1.  Sx  10C*P 

•  0 

1.  5xi 0E  xP 

«1 

.1 

14.23 

59,31 

13.85 

57, 7o 

14.26 

39,49 

13.87 

57,79 

14.32 

59,65 

13,89 

57,87 

14.3< 

59,77 

13, *0 

57.94 

14.3’ 

59,87 

13.92 

58,00 

14.3* 

5V,  *4 

13.93 

38,05 

14.41 

60.03 

13.93 

58,10 

14.42 

60,10 

13.96 

58,15 

14,44 

60  1 15 

13.97 

58,20 

14.45 

60.1* 

14.00 

58,35 

14.46 

60,21 

14.04 

58,48 

14.46 

60,27 

14.07 

58.61 

14.47 

60, 10 

14. 0« 

58, 70 

14,50 

60,41 

14,11 

58,79 

( 
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OAr 

Cf  THf 
tc*e 

fir  19 
»ir  20 


HAY  19 

fir  20 


i Tr  h  I-**' 
1.5x1'  Cif*» 

■.°E  A  Tf  B  T-»-- 
1.5xtat**»»5 

r,“£iU»  t«*n 

l.Sxlrf >h,9 

r,OF*TF"  Ti-aA 

1.  Sxl  E»P-  5 

lift  n/n 

-niiBS  Tint  i/a 

"DI'NS 

r  1  -If  n/t 1 

“O'  wS 

I  1  -4C  r/(l 

5 .1 . 4  •- 

59.  O'' 

An  .  $4 

1  ”  n  .  00 

m  .1 .  J  9  #/.«=. 

aj.95  ov.6? 

;?.7‘ 

73.il 

94,7a 

97,14 

51.04 

21  ,«4 

A  7  .6P 
91. 0»* 

Gt"'t  i  T£«  Than 
l.Sx  I'  £,9*2 

GOtA'C*  Than 
l.Sx  litfiB-i 

GBEaTIH  Than 

1.  5x  IGIXP.0 

G^t *  1  k."  Than 

1.  5x  irtyp*! 

15.1' 

1  5 .  l- 

f»  * «  e  i> 
ft  .*  ,  V  4 

1 9, Vi  *2 .20 

19. V9  42.29 

19,54 

14.5? 

6  C  .  SB 

60  .  ?2 

14  .  li 
14.15 

io  ,B? 
50 .95 
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Number  of  Hours  in  which  Illumination 
Exceeds  a  Given  Level 
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GOEiTr*  T-a* 
l.SxlnE»p*6 


QOe A  Te  R  T**n 
1.  Sxlo£*P»5 


GREATTR  Th*n 
1. 5x1 ot  *  p«4 


GREATER  Tna* 
1. SxmExP-S 


•D*v 


Cf  T-E 

year 

mQi  -»s 

TImE  n/fl 

-OURS 

time  n/fl 

-OURS 

tt-e  c/o 

-OURS 

TIME  020 

MAY 

20 

54  .  or- 

110.00 

94.00 

l  n  o .  0  n 

?4  .  00 

100.00 

24.00 

loo.oo 

Y 

21 

54  ,  fln 

1"0.00 

94,00 

loo.oo 

24.00 

100,00 

24.00 

100.00 

MAY 

22 

54.no 

100.00 

94.00 

1 O  n , on 

24.00 

100,00 

24.00 

100.00 

MAY 

23 

5  4  .  0  r 

HO. 00 

94.00 

1 1  0  .  0  n 

24.00 

100,00 

24.no 

100.00 

»«ay 

24 

54.00 

1 io.no 

94.00 

inn . on 

24.00 

100,00 

24.00 

100. 00 

may 

29 

5  4,0* 

110.00 

94.00 

100.00 

?4  .  Of 

10  0.00 

24.00 

100.00 

mAY 

26 

54  .  0  n 

100.00 

94.00 

lii.Ofl 

24.00 

100,00 

24.00 

100.00 

MAY 

27 

5  4  .  0 

no. oo 

'  4.  uo 

1 ifl .  on 

24.00 

100,00 

24.00 

no .  oo 

may 

28 

5  4 . 0  ,J* 

110.00 

94.00 

1  on  .  00 

24.0  0 

100.00 

24.0  0 

130.00 

rrv 

29 

54.0* 

110.00 

94.00 

lifl.OO 

24.00 

100,00 

24.30 

no. oo 

MAY 

30 

5  4,0.' 

110,00 

*14.01 

l "  i .  r  n 

24  .  or. 

loo. or 

?4.i>0 

no .  on 

MAY 

31 

5  4.0' 

100,00 

» 

o 

o 

1  n  n  ,  0  n 

24.00 

100,00 

2  4.00 

nn .  oo 

jun 

JXJN 

1 

5  4.0' 

lOfl.00 

94.00 

1  i  n  .  o  0 

24.00 

100.00 

24 . 00 

no.oo 

2 

5  4  ,  n  ■- 

100.00 

94,00 

191.00 

24.00 

100,00 

24.00 

loo . on 

may  20 
Mir  ~21 
MIT  22 
may  23 

MAY  24 
MAY  2» 
MAY  26 
mAY  27 
MAY  28 
MAY  29 

MAY  30 
MAY  31 
JU’W  1 
JU*  2 


G»£aT£H  T"am 

l.Sx 10E*p«2 


22. 

1* 

’2. 

33 

22. 

41 

*3. 

3« 

22. 

72 

94 

6/ 

23. 

10 

«6, 

24 

23. 

92 

99 

4^ 

24. 

00 

100 

00 

24 

00 

100 

00 

2* 

00 

100 

oo 

2* 

00 

100 

,00 

2* 

00 

100 

,00 

2* 

00 

100 

.00 

24 

00 

100 

.00 

24 

,00 

100 

,00 

24 

.00 

100 

.00 

G«EaT£«  Than 
l.Sx  10EXP-1 


20.44 

85.15 

20.38 

85. 7J 

20.71 

86.2? 

20,»4 

86.84 

20.” 

87.16 

21.10 

87. *J 

21.24 

88,48 

21.37 

89,o3 

21.32 

89,68 

21.8* 

90.22 

21.79 

90.80 

21,9* 

91.48 

22.11 

92,11 

22,24 

9  2.67 

GREATER  Than 
l.Sx 10t*P»0 


19.36 

80.68 

19.45 

81,02 

19.55 

81.47 

19.64 

81,84 

19.75 

82,10 

19.84 

82.68 

19.93 

63,05 

20. 0* 

83,49 

20.12 

83,85 

2  o  •  2  0 

84,17 

20.2’ 

84,55 

20.38 

84,9i 

20.48 

85,34 

20.57 

85,69 

GREAtE"  Thai 
1. Sx ioEym*! 


18.33 

76,38 

18.40 

76,67 

18,48 

77,02 

18.57 

77,36 

18.64 

77,66 

18.  /2 

’4,01 

18.80 

78,33 

18,87 

78,61 

18.95 

76,94 

19,02 

79,26 

19.  U« 

79,54 

19.15 

79,76 

19,20 

79,99 

19.26 

•  0,24 
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GP£iTf«  Tm*  flR£Al£R  T“AR  GREATER  THAN  GREATER  THa* 

l.Sxli£»P-6  1.5xl8£XP»5  l.SxlOEXP-4  l.SxlOE*P»S 


DAY 


or  thc 

YEA6 

«0"R5 

ti mt  n/o 

*0UR5  Ti*r  o/o 

HOURS  TIHF  0/0 

HOURS  TtHf  0/0 

JU*«  * 

-JUt! - »- 

94.00 

ioo. op 

94,00 

llO. 01 

24,00 

100.00 

2  4.00 

100.00 

94,01 

110, oo 

94.00 

mo .  oi 

24.01 

100.00 

24.00 

190.00 

JU*  J 

94.00 

HO. 00 

94.00 

110.01 

24.00 

100.00 

24.0  0 

ioo.oo 

ju"  r 

94.00 

mo. oo 

94,00 

1  no . on 

24.00 

100.00 

24.00 

100.00 

JU*  7 

94  ,  pn 

100,00 

94,00 

mo .  oo 

24.00 

100.00 

24.00 

100.00 

Jtftr  8 

94.00 

110.00 

94 ,00 

mo. oi 

24.00 

IOC. CO 

24.00 

mo  •  oo 

JU*  * 

94.00 

mo. oo 

94.00 

mo ,  oo 

24.00 

100.00 

24.00 

mo .  oo 

JO"'  ’  10 

94.00 

mo.  oo 

94,00 

mo .  oi 

24.00 

100.00 

24.00 

100.30 

ji/"  U 

94.00 

mo ,  oo 

94,00 

mo .  oi 

24.00 

100.00 

24.00 

100-00 

JU"  -  12 

94.00 

110.00 

94.00 

110,01 

24 , 00 

100.00 

24.00 

100.00 

JU"  U 

9  4.00 

mn.co 

94,00 

m  c- .  o  n 

94 ,00 

100.00 

24. 0  0 

mo ,  on 

JU*  1< 

94.00 

100.  oo 

94,00 

110.00 

24 . 01 

1O0.0C 

2«.00 

100.00 

JU"  15 

94.00 

mo.  oo 

94.00 

mo .  oi 

24 .  on 

100.00 

24.00 

ioo .  on 

JV*  X« 

94,00 

mo.  oo 

94.00 

1 10  .  Cl 

24 . 10 

100,00 

24.00 

100.01 

C  •*£  A  T  t  H 

TflAfs 

G»£a1ek 

T  H*  N 

G»LATtW 

Thai 

GREA  t£" 

Th*i, 

1.  5X1  l 

E»p 

-2 

l.SX10£XP*l 

I.SxIOEIH 

►0 

l.SxlOExP 

♦1 

JU"  1 

JtJtr  A 

94.0'' 

100. 00 

92.42 

13.42 

20.64 

36  .  CO 

11.32 

80.49 

94.00 

100.00 

22.  5» 

94.11 

2o .  7 o 

66,25 

11,31 

«0.  79 

jyN  5 

94.00 

100. oo 

22.73 

14.73 

20*76 

B6 , 5c 

1«.  *5 

#1. 06 

■JOtr  “  0  ' 

24.0  0 

100.00 

22.  ’6 

15.66 

20.66 

66,66 

1 1 , 91 

»1.30 

JU"  7 

24.  Ol 

100.00 

23.17 

16,54 

20. ’3 

67.22 

11.56 

*1. 41 

JU*Y-  •«- 

74  .  O' 

100.00 

21.47 

17.61 

21.C0 

67, Si 

19.60 

8 1 , 6  6 

JUN  4 

24 . 0L 

100.00 

94.00 

100.00 

2l.l'6 

67,77 

11.63 

81,61 

JU»  ‘  It) 

24.  Ou 

100. oO 

24.00 

100.00 

21.12 

87,16 

H.67 

81,94 

jyN  11 

?«.o- 

100,00 

24,00 

loo. 00 

21.16 

68 ,16 

11.61 

82.06 

JUH-  "  17 

2  *  .  0  r- 

100.00 

24,00 

100.00 

21.20 

66,32 

14.72 

62 . 17 

JUN  11 
JUW-  t*‘ 

74,0.; 

100,00 

24.00 

1 00 • CO 

21.2* 

86 .49 

14.75 

6  2,31 

24.0': 

100,00 

24.00 

1 oc . CO 

21.26 

86.67 

19,  78 

8  2,43 

jyN  1* 
~JU* ~  1«~ 

24,00 

100. uo 

24,00 

100.00 

2 1 . 31 

68  ,&i 

H  .61 

82.53 

?4  .  Ol 

100.00 

?4 ,00 

100.00 

21.34 

68,  VS 

14.03 

82,61 
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i;oe*Tru  Thin 

G9E*TfH 

Thin 

GPEAUS 

Thau 

1.  SxnExU’O 

l.Sxl«E*9. 

•5 

1.Sx10E»p* 

4 

•  0*v 

er  tm 

7E*c 

HO"WS 

TIHF  6/0 

-On*S  o/n 

Hoi'fis  Tne  o/n 

JU* 

17 

?4  .  O' 

no.00 

5  4.00 

1  n  .  0  6 

24.00 

10G.00 

JU* 

18 

54 , 0  • 

100.00 

54.00 

166.06 

24.00 

100.00 

JU* 

19 

54  ,  l)f 

1O0.00 

54.00 

1  6  Q  .  0  4 

24.00 

100,00 

JU* 

20 

?4  .  (1 

100.00 

54.00 

1  6  4 . 0  <* 

24.0  0 

100.00 

JU* 

21 

54  .  O' 

no .  oo 

54.00 

1  4  ••  .  0  6 

24.0  0 

ioo.oo 

JU" 

22 

54.0' 

no .  oo 

54.9c 

1  .  0  6 

2  4.cn 

100.00 

ju* 

23 

5  4,0- 

no .  oo 

54  .  uo 

1  4  -u  .  0  4 

2  4 . 0  o 

100.00 

JU* 

24 

54  .  O' 

no. oo 

54.00 

148.96 

24.00 

100.00 

JU* 

25 

54  ,  l)f 

no. oo 

54 .  on 

1  6C  .  0" 

24.  Ou 

100.00 

JU* 

26 

5  4.96 

I89.00 

54.00 

146,06 

24  .  OC 

100.00 

JU* 

27 

54.0- 

m  o .  n  o 

54.00 

1  r  8  .  o  6 

c  4 . 3  0 

100.00 

JU* 

28 

6  4.6' 

no .  oo 

54.00 

1 6  <i .  n  6 

24.0" 

130.00 

JU* 

29 

54  .  »  • 

no. oo 

>4.00 

186.04 

54.00 

100.00 

JU* 

30 

54  ,  4  i 

ion .  oo 

54.00 

144,94 

24  .  oc 

130.00 

6  ^  t  - 

T 1.  *  T  w  a  • 

OHEAlf. 

H  T»*U 

GMEiTtrf  Tha* 

1 .  Sx  1 

t,  *  -  2 

l.Sx  10E*P*1 

l.Sx  10EX»**0 

JU* 

,  1 

54.0 

no .  oo 

54  .  uu 

100.00 

2l .  36 

89.01 

JU* 

18 

24.0 

130,00 

2*.O0 

100.00 

21 . 36 

8V  ,  00 

JU* 

*.9 

24  .  O' 

no. oo 

■24 .00 

1 0  0 . 0  3 

21.39 

89.12 

JU* 

20 

24.0 

no. oo 

24.00 

100.00 

21.3V 

89,13 

JU* 

21 

?«  .  0 

100.00 

2*. 00 

100  .00 

2l.39 

B9.ll 

JU* 

22 

?*.:)-■ 

no. oo 

?*  .  00 

no  .oo 

21 . 80 

09, ic 

JU* 

23 

?*.!]■■ 

no. oo 

54.00 

loo  .co 

21,37 

09  .  |)4 

JU* 

24 

54.0 

100.00 

24.00 

100.00 

21.35 

88,97 

JU* 

25 

54  .  C 

100.00 

2*  .  UO 

100.00 

2l  .33 

88,8? 

JU* 

20 

24.0 

100.03 

2  4,00 

i ii o  •  or 

2 1 . 3  u 

06  .  /  4 

JU* 

27 

24,0V 

no. oo 

?4 . 00 

100.00 

2 1 . 2» 

86 . 58 

JU* 

20 

5  4.0- 

1  J  o ,  o  o 

24.00 

103.00 

21.21 

80 .38 

JU* 

2» 

5  «  ,  C  ' 

loo ,  oo 

24.00 

100 . 00 

21,16 

08 ,15 

JU* 

30 

/  4 , 0 

100.00 

2«.0G 

100.00 

21.0’ 

87,07 

GOlAff*  Tm 
l.Sxl>*E*»*«S 


*iOi|(.S  Tj«f  r/n 

2* . 0  0  100.00 

?4.00  100.00 

24. U0  100.00 

2*  .  UO  100.00 

24. U0  100.00 

24.00  100.00 

24,00  100.00 

24.00  100.00 

24.00  100.00 

24.00  100. on 

24. oc  100.00 

2  * .  o  r.  ioo.oo 

2  4.60  100.00 

24.  CO  10  0.00 

G9E  A  1 E" 
I.SxioE*^*! 


19,04  02,6? 
19.05  02,?1 
19.86  82.74 
19.86  02 , ?6 
19.86  02,76 

19,06  62 , 74 

19.85  02, 7o 
19.84  02,65 
19,02  62,59 
19.80  02,5j 
19./B  02.41 
19.75  82,20 
19,71  02, 13 
1 9  ,  o  ?  81.96 
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GOf*Tf« 

a*e*TfR 

Tm*N 

GREATER 

TMa* 

GREATER 

Thaa 

1.5xl"C*R-6 

1. SxloExR" 

5 

1.  5xinC 

.4 

1.  Sxl  "EXR» 

3 

OAT 

or  T»f 

hO'IHS  U8£  15/0 

"OU«S  TlHf  0/(1 

HOURS  TIRE  o/O 

HOURS  T 1  he  r/0 

JUL 

1 

74.00 

100.00 

74.00 

loo.oo 

24 .00 

100.00 

74.00 

100.00 

JUL — 

-*- 

74.00 

100.00 

?4. 00 

ino.  on 

24.00 

loo.oo 

24.00 

100.00 

JUL 

i 

74.(jn 

100.00 

74.00 

1  no .  on 

74.00 

100,00 

24.00 

100.00 

JOt" 

■  4 

74.00 

100,00 

74.00 

1  no .  0" 

24.00 

100,00 

24  .no 

109.00 

JUL 

$ 

74  .  on 

100.00 

74,00 

1  no .  on 

74,00 

100,00 

24,00 

100.00 

JUL 

6 

74.00 

100.00 

7  4.00 

lno .  so 

24.00 

100,00 

24.00 

100.00 

JUL 

7 

74.00 

ion. oo 

74.00 

1 ro  .  0" 

24.00 

100,00 

24  .  OU 

mo. oo 

JUL 

8 

74.0" 

100.00 

74.00 

1 "  0 . 0  n 

24.00 

100.00 

24.00 

lno , on 

JUL 

9 

74,0" 

100.00 

74,00 

1 " 0 . 0" 

24.00 

100,00 

24.00 

mo.  oo 

JUt 

io 

7*.0" 

100.00 

74.00 

1  "  0  .  oo 

24.00 

100.00 

74.00 

100.00 

JUL 

li 

74.0" 

100. 00 

74,00 

1  "0  •  on 

74.0  0 

100,00 

74.00 

loo.oo 

JUC 

12 

7  4.0" 

100. 00 

74. 0c 

1  "0 .  on 

24.00 

100,00 
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100 

•  00 

2? 

.40 

93 

.35 

greater  Thar 

1.5xUE*e*0 


15.63  65.12 
15.53  64,72 
15.41  64,22 
15.34  63, 90 
15.23  63.46 
15.13  63.0* 
15. 03  62j*2 
14.93  62,22 
i « , 87  61,95 
1 ; , 7  7  61.56 

14.64  61, U2 
14.52  60.51 
14.45  60.21 


«0"H5  Tl«t  t'O 

17.92  74.66 

17.60  74.18 

17.7?  73.84 

17.78  74.07 

23.56  96,18 

24. 0U  100.00 

24.00  100.00 

24.00  mo. 00 

23.10  96,27 

22,26  92.73 

21,34  88,9? 

2004  83.51 

17.76  73.98 

^6.68  69.50 

GOEAlET  Trap 
1.  SxlOExP’l 


1 4  ]  9 1  62, i9 

14.64  61,82 
14,74  61,43 

14.64  61,01 
14,56  60,66 
14.45  *0,21 
14.37  59,89 
.4,29  50,56 

14.19  59,12 
14,  o6  56,65 
13.97  56,21 
13. «1  57,95 

13.64  57.65 


Sixty  deg:  Poge  6 


GP£ATfR  Thin  0 R£4T£R  Than  GB£aTCR  Than 

1. Sxi  h£»p»6  1. Sx  i rtc **■*•  5  l.SxtnCXP-* 


GPEaT£H  Tmaa 
1. 5>qne*P»  J 


'  'JAY 


CE  Th£ 

yeas 

MOt'flS 

TIME  0/0 

HOURS  TIME  0/0 

HOURS 

Time  0/0 

mqiiRS  TImf  e/n 

SEP 

9 

54 . 01' 

100.00 

2S.S8 

9  7.43 

20.64 

86,00 

16.40 

68.33 

SEP 

10 

?2 . 9« 

*5.78 

?1.77 

9fl.7(i 

18.22 

75.9! 

16.25 

47,72 

SEP 

11 

?l.oo 

07.52 

1  9 , 7l 

6  2.13 

17.66 

73.59 

16.06 

66.93 

StP"  - 

1* 

<  8  .6] 

78.J4 

1  7 , 9  5 

74.79 

17.33 

72,21 

15.96 

66.5? 

SEP 

IS 

17.99 

74,97 

i  7.93 

74.7? 

17.17 

71.56 

15.90 

66.24 

SEP 

14 

1  7 . 99 

74.97 

<7.93 

74.69 

17.0? 

70. «1 

15.81 

65.87 

SEP 

IS 

i  7  9« 

74.97 

17.9-2 

74,67 

16.93 

70.54 

15.68 

65.34 

SEP 

16 

l7.7* 

73.93 

1  7.68 

73.65 

16.84 

70.17 

15.54 

#4.76 

SEP 

17 

1  7 . 49 

7?.  89 

i  7.43 

72.64 

16.73 

69,69 

15.45 

64.39 

SfP“ 

S« 

<7.49 

7  2,89 

<7.43 

72.61 

16.59 

69.11 

15.39 

64,11 

S£P 

1« 

1  7 . 49 

72.88 

<7,4? 

72.59 

16.48 

68 , 66 

15.29 

#3.73 

stP 

20 

<7.24 

71.85 

<7.18 

71.56 

16.39 

68,29 

15.17 

#3.19 

S£P 

21 

1  0 . 99 

7  n  ,  6 1 

16.94 

70.57 

16.2« 

67,89 

15.  08 

62.62 

StP 

22 

1  7. 2* 

7?.  01 

16.94 

70. S9 

16.2? 

67,60 

14.97 

62.38 

t.  C  F  t  T  E 

K  1  HAN 

GB£*fE« 

THAN 

GREATER  Than 

GREA  IE" 

Than 

1 .  Sx  1 1 

l.SxlOEKP- 

1 

1.  Sx  1(iEXP»0 

1. Sx  10£xP* 

1 

S£P  « 
-ST?  10 
S£*»  U 
SEP  12 
SEP  U 
SEP  1« 
SEP  1* 
SEP  1 « 
SEP  IT 
SEP  l« 
SEP  1» 
SEP  20 
SEP  21 
SEP  22 


1  5 ,  S' 

64,59 

1  4 

V  4 

62.26 

1  5 , 4  s 

44.  J' 

14 

98 

62.00 

15.36 

44, 0V 

14 

7a 

61.60 

1  S  ,  2  9 

63,70 

14 

65 

61.0? 

15. 16 

63,14 

1* 

4  V 

6Q.38 

16.0" 

62.49 

1  4 

45 

4&.2? 

14. 95 

42.29 

14 

39 

59.98 

14.8V 

62.04 

1« 

31 

59.6? 

14,79 

41.64 

1* 

18 

5V  .  o  7 

<  4 , 6« 

*1 ,  O8 

14 

06 

58.58 

1  4  ,  SI- 

6  0 , 66 

1  3 

96 

58.17 

14.  43 

60.22 

1  3 

91 

57.95 

14.39 

59.9  7 

<  3 

03 

57,6i 

14.31 

59,61 

13 

7  U 

57.09 

14.39 

59,98 

15.74 

57,27 

14.31 

59.64 

13.65 

56,78 

14.20 

59,16 

13. «9 

56,21 

14.03 

56,46 

13.44 

55,99 

13.97 

58,20 

13.57 

55,7i 

13.92 

57.98 

13.29 

55,37 

13.8* 

5/. 68 

13.18 

54.93 

13.74 

57,25 

1 3  .  u  5 

54,39 

13.59 

56,64 

12.96 

54,01 

13.50 

56 , 25 

12.  »0 

53,75 

13.43 

55,97 

12  82 

53,43 

13.37 

55, 7o 

12.73 

53,03 

13.27 

55.30 

12.62 

52.57 

13.15 

54,60 

12.53 

52.22 

Sixty  deg:  Poge  9 
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■.NWIV.N 


Q»£*TfR  than 
1.  Sx  1 nE  *P»6 


0*E*T£fl  Than 
1.  Sx IOC  XP»5 


qREaTER  Than 


5R£aTe«  Than 
1.Sx10ExP-3 


DAY 

or  the 

YC  A  ® 


1(9 

21 

TCP 

7t~ 

SEP 

2f 

TCP 

"2* 

SEP 

V 

TfP~  71 

SEP 

24 

TCP 

OCT 

TO 

1 

TTt — 

~7~ 

OCT 

i 

'CT~ 

-  4- 

CCT 

1 

T5C  T 

SEP 

23 

TCP" 

7*- 

SEP 

2* 

TCP- 

“28  ■ 

SEP 

27 

TCP  7*~ 

SEP 

29 

TTP  TO- 

OCT 

1 

Tc  T“ 

2 

OCT 

3 

oC  T 

OCT 

5 

MCI'RS 

ie.jT 

91.2* 
22 .  8* 
?«.  oo 

?4.  DO 
94.  03 
94.  on 
?4.00 
94,00 
?4.oo 
94.00 
94.00 
24.00 


GREATER  Than 
I.S^Cxp.2 


TIhe  0/0 

HOURS 

tim*  o/o 

HOURS 

tire  0/0 

HOURS 

Tire  c/n 

76.63 

17.62 

73. 4S 

16.36 

68,15 

14,90 

42.07 

82. 2* 

1*.1S 

77.73 

17.23 

71,77 

14,83 

61 , 79 

88,60 

90.77 

86.54 

19.38 

80.76 

14.76 

61 . 49 

65.23 

92.41 

43.37 

21.23 

88,46 

14.72 

61.34 

100,00 

93.76 

49.00 

27.91 

95,47 

20 . 5S 

85,54 

100,00 

?«.00 

100.00 

24.00 

100,00 

22.65 

94,38 

100.00 

94,00 

100.00 

24.00 

100,00 

24,00 

100.00 

100. CO 

24.00 

100.00 

24.00 

100,00 

24.00 

100.00 

100 . 00 

94.00 

100.00 

24.00 

100,00 

24.00 

100.00 

100.00 

94.00 

100.00 

24.00 

100,00 

23.35 

17,31 

100.00 

24.00 

100. Oft 

24.00 

100,00 

22.44 

1 3  •  5  0 

loo.oo 

94.00 

100.00 

24.00 

100,00 

21.33 

86,86 

100.00 

94.00 

100.00 

24.00 

100,00 

19.82 

62 . 51 

loo.oo 

94.00 

100.00 

29.79 

94,97 

1 7 , 7l 

7  3,77 

14.  I** 
14.11 
1  4 , 0  2 
1  3.9th 
13.85 
13.T1 
13.60 

13.64 

13.57 
13.46 
13.30 
13.22 
13.16 
13  .O'* 


59  i  o  T 

50,80 

56,43 

59",  94- 

57,61 

57,13 

56,98 

56,82 

56,54 

56, 0B 
55.40 
55. 0« 

54,85 

54,51 


qR£aU«  Than 
1  Sx  10£XP»1 


11.42 
13.54 

13.42 
l3r,44 
13.23 
1  J.lT 
13.11 
13.02 
12.88 
I T.  7* 
12.71 
12.44 

12.59 

l2.«6 


56 . 76 
96 , 41 
55.91 
55.59 
55.11 

94,8* 

54.62 

54,24 

53.68 

53.14 

52.95 

52.75 

52.66 

52.02 


GREATER 
1.  Sx  UExp. 

IS.  U» 
12.’8 
12.69 
12. «U 
12.4* 
12.®4 
12.56 
12.46 
12.32 
12.2* 
12.18 
12.12 
12.0* 
ll.*2 


Thar 

o 

54,50 
54,08 
53.70 
5  a  ,  32 

52.69 

52.66 
52,35 
Sl.’O 
51.34 
50.94 
50.76 

50,90 

50.16 

49.66 


GREaTE?  Than 
1. Sx  1oExP»1 


12.43 
12.35 
12.26 
12.16 
12.0’ 
12.01 
11. ’0 
11.80 
11.  'u 

11.64 

11.57 

11.46 

11.36 

11.24 


51,80 

51,48 

51.10 

50.68 

50.39 

90,04 

49,5* 

49,15 

48,76 

48,51 

4B.21 

47,83 

47,34 

46,82 


13  ?! 


OCT  ^ 
flCT  8 
OC  T  9 
OCT  10 
3CT  11 
OC'  1? 
OCT  13 
OCT  1* 
ftCT  15 
OCT  16 
OCT  17 
OCT  18 
OCT  19 
OCT  20 


1  2 . 9  ’ 

l?.6j 

12.73 
12.60 
12.62 
l2.S< 
12.  *2 
12  .  i' 
12.2/ 
12.1' 
12.11 
12.02 
51.91 

11.  B'' 


S«,04 
Si.  3“ 
53.03 
5  2 . 8  4 
52.59 

5?. 23 
Si. 73 
Sl.32 
50.91 
So.  72 
So.46 
So. 10 

49 .61 
49 . 30 


(jottTfH  T-a* 
l.Sxl"E*p*5 


hours  Tixr  o/n 

73. 09 

96.20 

71.37 

A9 . 04 

19.55 

*1.46 

1  7.64 

73.51 

i  5.  Si 

44,64 

'  5 . 1  7 

43.2? 

1  4 , 9  .1 

4  2 . 2  o 

.4,69 

41.2n 

14.60 

61.1* 

,4.66 

41.1* 

14.67 

*1.14 

14.43 

4  .0 . 1  4 

14.43 

*0.1? 

14.43 

4  .1  .  1  4 

(ifl£  A  1  E  H 

Than 

l.Sxioe*’--! 


GPEaTeh  Tha* 

l.sxioexp-* 


HOURS  TIHE  0/C 

2l.l«  88,06 

19. 2«  *0.1# 

16.93  7  q . SS 

14.73  61.3* 

14. 4J  60,15 

54.26  59.43 

14.1"  59.10 

14.1?  58,03 

1 4 . o1  58 , 5o 

1.3. 9  5  58,10 

1  3  .  «5  57  .  7i 

13.7?  57,39 

13.6"  57,00 

13.6«  56,63 

GREATER  Than 

. Sx  10t*H*0 


GREATER  Tha* 
1.  Sxl  OE  *9*3 


HQIIWS  TjMf  r/9 

14.51  60.47 

13.66  56,94 

13.49  56.23 

13.33  55.54 

13,22  55.10 

13.1?  *4.89 

13.11  54.63 

13.0?  54.27 

12  9 i  53.79 

12. "3  53.45 

12. 74  53.07 

12. o7  52,79 

12,61  52.53 

12.53  52.19 

QHt  A  1  E.R  T  H  A  K 

l.Sx  10E*P*1 


12.33 

51.37 

It 

76 

12.^1 

50.97 

11 

71 

12 .  2u 

50 . 8i 

It 

6 ; 

12.1* 

50.59 

11 

6  u 

12.  Q» 

5y  .26 

11 

.51 

11.95 

49.78 

11 

.3? 

11.61 

49.28 

11 

.26 

11.  /i 

46.87 

11 

.  2u 

11.66 

08.68 

11 

.15 

11.91 

46,44 

11 

.  U8 

13  •  54 

48,09 

10 

.96 

u.4* 

47.59 

10 

.67 

1  1 . 35 

47,30 

10 

.79 

11.27 

46.94 

10 

.69 

46,99 

11.16 

46, 60 

46,81 

11.12 

46,33 

46.61 

11.  U4 

«6,00 

48,33 

10.94 

45,58 

4/  .9* 

10.61 

45.05 

47,39 

10.72 

44,66 

46.98 

1  U  .  6  6 

44.43 

46,68 

10.59 

44,14 

46.45 

10.51 

43,78 

46.16 

10 . 40 

43,32 

45,73 

10.31 

42.»6 

45,31 

1U.22 

42,57 

44,98 

10. 14 

42,26 

44  ,  >5 

10. o7 

*1,96 

Sixty  deg:  Page  1 1 


I 


day 

or  t«c 

OCT  21 
~nCT  tf 
OCT  21 
ocr-  i* 
OCT  2» 
OCT  it 
OCT  27 
OCT  26 
OCT  29 
OCT-  SO 
OCT  SI 
NOV  '  1 
NOV  2 
mCTY  S 


OOfiTfR  Th4n 
l.SxiOEvP«6 


TI«t  n/o 


a#EATcR  Th*N 

l. 5x  i"E*r-s 


mqhrs  Tjwr  o/o 


aRE»TE«  TH*n 
l.Sx  loE  *R»4 


HOURS  TJRC  0/0 


GBEaTeR  Th*x 

l.SxinE*R«3 


«0uRS  tjhf  r/o 


1  S.95 
11,41 
19.0« 
?0  .6* 
22.2" 
23.7? 
2*  .0' 

2  A  .  0  r 
?4  .  0r 


66  ,6* 
7  2  i  B  0 
79. «9 
86,0® 
92.49 
♦  0.64 
100.00 
loo.oe 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 


1  5,  0« 

1  6  .  #4 

1  8 . 56 
20.1’ 
21,79 

2  3.36 
24.00 
24.00 
24.00 
24.00 
24.00 
24.0' 
24,01. 
2*,00 


4  2*84 
70.15 
77.  J4 
*4.  IS 
90.8o 
97.  J? 
100 . Or 
100.00 
100.00 
loo.oo 
100.00 
lOO.On 
100.00 
1  A  0 . 0  A 


15.72 

14.51 

17.20 

19.0’ 

20.77 

22.36 

24,00 

24.00 

24.00 

24.00 

24.00 

24.00 

24,00 


57.16 
60.45 
71,69 
79,56 
86.55 

93.16 
100.00 
100.00 
100.00 
100.00 
100.00 
1  00.  Oo 
100.00 

9  7.21 


12.43 
12.37 
12.31 
12.25 
16.62 
70.1’ 
22.10 
24.00 
24.00 
24.00 
24,00 
22.53 
21.0’ 
10  00 


51.7* 
51.54 
51,29 
51.03 
7q.  10 

84.11 
92.10 
100.00 
100.00 
100.00 
ioo. oc 

93.89 

67,86 

•  -  ic 


GREATER  Than 

1.  Sx  i  -.  t  *  R  '  2 


GREATER  Than 
l.Sx  10E*R«1 


GREATER  than 
1. 5x  1 OE  x  R*  0 


GREA'ER  Than 

l.Sxl&LxR'l 


OCT  21 

11.7A 

49.02 

11.16 

46 . 56 

10.64 

44,32 

9 .  ve 

*1.56 

Ctro  •  22 

11.67 

46,64 

11.12 

46.33 

10-56 

44 ,01 

9 , 66 

*1,17 

", 

OCT  23 

11.42 

46,40 

11.04 

45,99 

10.«6 

43 . 58 

9,-1 

40,67 

TCT — 2* 

11.54 

48, 0« 

10,’S 

45.55 

10*39 

43.26 

9 . 72 

•  0.50 

OCT  25 

U.44 

47,65 

jo.ee 

45.33 

10.32 

42,99 

9,63 

40,13 

UTT — TV~ 

11,59 

47,44 

10.«1 

45.03 

10.22 

42,60 

V  ,  56 

39,62 

OCT  27 

11.32 

4  7,1® 

10.71 

44.62 

1C.1* 

*2,24 

9 . 46 

39,  «} 

-j 

OCT - 2* 

11.25 

46.6« 

10.43 

44.10 

10.07 

41.9* 

’.36 

39.10 

l 

OCT  29 

13.85 

57,71 

10.56 

44.00 

9.97 

41,54 

9.32 

36,61 

"OCT - STT" 

11.12 

46.34 

10.46 

43.59 

9,91 

41.28 

9.23 

36,46 

OCT  31 

11  .03 

45,94 

1  V  .  42 

43.40 

9.65 

*1,03 

’.13 

36  ,  OS 

•  '( 

10.  v? 

45,6’ 

10.36 

46*16 

9.77 

40.70 

V.C6 

37,75 

NOV  2 

10.92 

45,50 

10.26 

42.85 

9,67 

*0.27 

6.V7 

37,39 

W1 - T 

10.65 

45.23 

10.16 

42.4? 

9 . 5V 

39,96 

6  .  V  0 

37,07 

Sixty  deg:  Poge  1  2 


«  v'W  V  V  *. W.V 


D*v 

JF  THE 
T£*B 


NOV 

4 

nOV 

5 

nOv 

6 

NOV 

7 

NOV 

A 

NOV 

9 

nOv 

10 

nOv 

11 

nOv 

12 

NOV 

13 

vOV 

14 

NOV 

15 

NOV 

16 

NOV 

17 

mOV  * 
►,0V  “  5 

NOV  6 

NOV  7 

NOV  6 
NOV  9 
NOV  10 
NOV  11 
NOV  12 

NOV  13 

NOV  1« 
NOV  15 
NOV  1* 
NOV  17 


Gtf'TfD  Than 
1.  Sx  1  “£*(»•  6 


u£V  w4  TlMf  o/p 

?4  ,  OP 

ino.oo 

22  .7? 

«2.57 

70  .  I" 

A 3 . 73 

i  8  .  3 4 

76.46 

1  6.68 

69. *9 

62.42 

i  3 .21 

55. 03 

1  ?  .  99 

54,13 

1  2 . 74 

53.10 

12.74 

53.10 

12.74 

5  3.0® 

12.4V 

52.0* 

12.49 

52 . 0* 

i  2 . 5 r' 

52,  f)7 

G=E»t£h 

Than 

1.5x1  €*P 

•2 

10.7® 

44,85 

10  .ft11 

44.35 

10.57 

44 , 05 

10.49 

43.71 

10.46 

43.47 

10.39 

43. 2  ; 

10  .i  -‘ 

43.0® 

10.2" 

42.74 

10  . 17 

42.36 

10.11 

42, l4 

10.06 

41,41 

9 .99 

41.62 

9.96 

41,3® 

9 .89 

41,1® 

G»£*T£B  Than 
1.5xlOE*P»5 


hOU95  TlMf  p/p 

23.27 

«6 .94 

?1.4« 

*9.35 

19.44 

*0.94 

l7.7i 

73.70 

15.49 

66 . 5« 

1  4  .  PI 

5H.S* 

12.93 

43.89 

12.92 

«3 .8* 

12.68 

42.84 

12.68 

42.83 

12.68 

42.82 

'2.44 

41.83 

12.43 

4 1  .  8 1 

<2.43 

41.  *1 

G»£a •  £« 

Than 

l.Sxl(-t*P- 

1 

10.11 

42.11 

10.03 

41.00 

9.9b 

41.45 

9 .91 

41.28 

9.05 

41.04 

V ,  7o 

4  u  .  7  5 

9.69 

4  1>  .  3  6 

9.62 

40.08 

9.56 

39.83 

9.40 

3®.5l 

9,42 

3«. <7 

9,30 

39.08 

9.32 

38,85 

9.20 

30,57 

GBEaTEB  Than 
1. 5x  10E*P»4 


hou95  tine  o'r 

21.56 

89,83 

19.73 

82,22 

17.82 

74,25 

15.71 

65.46 

12.8® 

53. 5A 

12.38 

51,58 

12.15 

50.62 

12. 07 

50,30 

12.02 

SO  .07 

11.95 

49.79 

11.91 

49,60 

11.86 

49.41 

11.81 

*9.20 

11.76 

*9.00 

GOEaTEH 

T  8  A  N 

.  Sx  1  o£  A  8 

♦0 

9.51 

39,64 

9 . 44 

39,31 

9.39 

39,11 

9.32 

38,84 

9.2« 

38.51 

9.15 

38,11 

9.  uV 

3/. »6 

9.01 

37,55 

8.93 

37,23 

8.0V 

37.04 

8.03 

36,00 

8.76 

36.51 

8.60 

36,15 

8,63 

35,  V4 

GOEaTE*  Than 
1.  Sx  1  ftE  x  J 


h 0 'J 9 5  Tint  r  /  o 

17.20 

7 1 . 6  A 

14.0’ 

58. 70 

11.51 

47.95 

11.31 

47.11 

11.16 

46. 4A 

11.07 

46,13 

11.00 

45.62 

10.93 

45.56 

10.89 

45.38 

10.84 

45.18 

10.78 

44,93 

10.71 

44.6? 

10.65 

44,35 

10.6? 

44,18 

G9EAUH 

T  8  A  * 

1. SxiuExH 

8,03 

36,Bo 

8.  75 

36,48 

8 . 66 

36,10 

8.59 

35,78 

8.51 

35.46 

0.43 

35,10 

8.37 

34,86 

8  .  3  u 

34,59 

8.22 

34.27 

8.14 

33,9! 

8.10 

33,75 

8.  J3 

33. 4e 

7.96 

33.16 

7.9C 

32.93 
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QB£itr&  tm* 

l-Sx!11***** 


1 


V 

% 

tv 


DAY 

er  t*e 

vEaO_ 

MOV  16 

totv — rr 

MOV  20 
HOT"  TT 
MOV  22 
Ntrr  77 
MOV  2* 
HOT-  7» 
MOV  26 
HOT  7T~ 
nOV  2» 
MOV  2® 
nOV  10 
ore  "i 


*oi  ns 
c’ 

i5.?7 

11.V 

,8.70 
90 .22 

91.75 

91.40 
9*  .  00 
?*  .  0  c 
94.0C 
9*  .011 
9*  .O'1 
94  .  O'1 
9*  .  00 

G»£*Tl" 

1 


TIME  fl/0 

86,62 
45. 52 
72. S* 
77.70 
84.2? 
♦0.6* 
77.  n 
100.00 
100.00 
100.00 
100,00 
100.00 
100  .00 
1O0 ,00 


T  h*M 

SxUtxn.2 


MOV  18 

V.8« 

HQTV*  17 

v  .  76 

MOV  20 

».7l 

kov — n~ 

9,66 

NOV  22 

7.61 

wr  23 

9,40 

MOV  24 

9,66 

Htrv — r* 

9,52 

MOV  2* 

9,48 

-HITT - rr 

V4.76 

MOV  2* 

14.22 

THJV'TT 

’  .3’ 

MOV  m 

9  ,31 

ntc  r 

9  .26 

*0,7« 
*0,’7 
*0,*7 
*0.2' 
*0.14 
17,77 
17,6* 
37,6* 
37. *7 
62.32 
57,26 
37,05 
18,86 
38,40 


anm*  T“*N 

l.Sxl0E*R*5 


6RE47EB  T**N 
l.Sxlot*n»* 


GBE*TEK  Th*k 

i.SxIoevb-s 


H0U«S  TIME  8/0 

IS, 05 

84.37 

1».0« 

62,65 

14. «1 

70.05 

18.22 

75. 7  b 

,7.82 

82.57 

VI.  1* 

67,19 

22.S6 

45.65 

?4.00 

100.00 

94.00 

1 00*  00 

94.00 

loo  •  oo 

94.00 

100.00 

94 .00 

1 O0 . 00 

94.00 

ioo.oo 

?*-.  0  0 

100.00 

GREaUR 

1  HA* 

1.5xl0£VR«4 

9.17 

38.21 

9.1* 

38,06 

9.0® 

37.8? 

9 .0* 

37.65 

8.»7 

J7.37 

8 , 7  0 

37.07 

8,86 

36.71 

8.81 

J6.7i 

8.75 

$6.46 

6,71 

J6.27 

8,66 

J6.1? 

8,66 

J6  .  Q 6 

8.61 

35.7* 

6.5V 

35.80 

HOURS  time  0*0 


HOURS  time  6/0 


11.” 

11,7* 

15.00 

17.0’ 

18.6* 

2o.«’ 

22.  O’ 
2*. 00 
2*. 00 
2*. 00 
2*. on 
2*. 00 
2*. 00 
24.00 


<7, 

04 

*7, 

74 

62. 

46 

?1. 

20 

78. 

50 

85, 

30 

®1. 

i  7  6 

100. 

.00 

100 

.00 

100 

,00 

100 

.00 

100 

,00 

100 

.  00 

100 

■  '0 

GflE»TlK  I*** 

l.Sxi&C*M* 0 


10.56 

10.52 

10.50 

10.51 

12. 

17 . 56 

17.70 

21.57 
23.75 
2*.  00 
24.00 
24.00 
22.56 
20.60 


*4.00 
*1.63 
*3.73 
41.60 
51.45 
71,26 
62. 07 
67.ee 
78,75 
100.00 
loo . on 
100.00 
0  4 , 0  1 
86.66 


T*AK 

1.5xl0k*M*l 


8.57 
8.51 
6.41 
B.i» 
8.11 
8.27 
6.20 
8.18 
8 .  l5 
8.31 
8.07 

6.0? 

7.76 

7.72 


35,71 

S5.*5 


35.1* 

1*»V2 

34.70 

34.45 

14,17 

34,06 

31,75 


11,80 

11,62 


31.43 

33,23 

31.01 


7,65 

7.7V 

7.72 

7.6* 

7.5» 

7.51 

7  .*7 

7,*0 

7.35 

7.30 

7.26 

7.17 

7.15 

7.11 


12,70 

12.4* 

12,15 

11,82 

31,61 

11,18 

31.11 

30,85 

10.64 

S0.«c 

10,1’ 

2«,75 

27,«0 

27,44 


k-; 

frl 


V 


M 


Sixty  deg:  Poge  14 


iOc 


cv _w ^ TV \_*V-  V 5JSZT  *J\ gj  V. o  <*L  V 


G  £  i  T  r  x  T“t« 

1. 5x 1 r£vp"6 


r.oeAtew  f «*n 

1.  5x  l''£*p'5 


GOfaTEJ  T«*f- 

1.  Sx 1 "C  *  p** 


GOEaU*  Tx*6 
l.$xl"E*P«1 


0»T 

ef  r*f 

▼E*  = 

*0' 

T  Ixr  n/ o 

kQ'iMS  Tlnr  c/x 

HQI.^S 

TlPf  5/0 

*0* 

■  ms  Ti*r  r/n 

nee 

2 

?4 

n  ■* 

1 

.  00 

71 .  So 

0  7  .  91 

2?-.  2  2 

92 . 57 

te, 

.87 

78. 

64 

n£C 

3 

?2 

9? 

,86 

71.68 

90 .31 

20.67 

85,29 

16, 

.70 

69. 

,6" 

ntc 

4 

?n 

4? 

*5 

.SI 

1  9 .94 

•4.0* 

18.6V 

77,86 

14 

.76 

57. 

41 

p£C 

3 

1  6 

M  1 

7m 

.  I* 

18.29 

76.2? 

16.8" 

70.34 

10 

.0« 

«1. 

,99 

PEC 

6 

i  7 

?' 

71 

.67 

•4.66 

49 , 4  • 

14.9? 

62.09 

9 

.89 

«l. 

,23 

pec 

; 

<  5 

*  • 

.  n  1 

1  4 . 9* 

*2.14 

17.18 

50.77 

9 

.  78 

4  O  , 

,75 

r£C 

6 

i  1 

9  4 

SM 

.  pi 

•1.04 

44  .  Jft 

11.1? 

46 .46 

9 

.  74 

«P  . 

,57 

P  cc 

V 

«  7 

1W 

5n 

.61 

11.60 

4B  .  ?1 

10.9V 

45.8o 

9 

.7  2 

4  n  , 

,52 

r,tC 

10 

1 1 

74 

4  A 

.  9S 

•  1.6" 

48 .66 

10.95 

45.61 

9 

.  71 

*  r  , 

.47 

pCC 

11 

’  1 

7* 

48 

.91 

•  1.6" 

48.64 

10.9? 

45.  S? 

9 

.  7  1 

4  o  , 

,«? 

nEC 

12 

1  1 

74 

44 

.91 

«  \  ,  o  r> 

48.6* 

10.’! 

4  5 . 4  .1 

9 

.  "9 

4  I  , 

.3" 

n£C 

13 

•  1 

7‘i 

44 

.91 

p  5  ,  6* 

*  8 . 6  S 

10.8" 

«5.34 

V 

.  66 

4  ,1  , 

.44 

p£C 

14 

’  1 

7< 

4  ft 

.61 

1  1  .or 

48 .6S 

10.87 

45.29 

9 

.67 

4  C  , 

.2« 

r£C 

1* 

«  t 

.  7/1 

44 

.91 

11.0" 

48.64 

11.8" 

45.27 

9 

.66 

4  n  , 

.26 

ut-EiTE 

ft  I  *  *  ■> 

rtwi  a  U  k 

In... 

G"E«U 

GplA 1  EX 

Th*k 

1. 5x  1 '  E*"-2 

l.Sx  lctxr 

-1 

1 .  Sx  1 :  t  *  t>  *  0 

1.  Sx  loE  xx* 

1 

PEC 

2 

9  , 

2: 

18. 

47 

O  .  5c 

<7.66 

7  .  B" 

42.  /6 

7  . 

JO 

29  . 

49 

PEC 

PEC 

3 

4 

9  , 
9  € 

i" 

1  * 

<8. 

18. 

?» 

17 

O  .  S»2 
8.40 

18.44 

1  8 . 4  ? 

7 .  81 

7.7t 

4  V  •  5  5 
42.45 

; . 
7. 

U  4 

0  u 

29. 

2’. 

4  c 

1 6 

PEC 

3 

9  . 

18. 

0* 

<J.4i 

15.14 

7  .  70 

42,21 

6. 

VO 

20. 

99 

PEC 

at  C  P 

6 

n 

9  t 

i’ 

17. 

94 

a ,  iv 

14.94 

7.  7l 

42.14 

6. 

92 

28, 

»1 

n  t  C 

7 

V  , 

i'  • 

17. 

61 

o  .34 

<  4 . 7  J 

7 . 6V 

32.06 

O . 

a  7 

20, 

64 

OEC 

6 

9  , 

C? 

■  7 

70 

a. 29 

14. i4 

7.66 

41.98 

6. 

o  3 

28. 

46 

P£C 

9 

9  , 

Oc 

- 

59 

a,  2? 

4  6.5.. 

7.66 

31,91 

o . 

/V 

2  8, 

2  V 

n£C 

PEC 

PEC 

PEC 

10 

11 

12 

13 

9  . 
b  . 
b  . 
e*  , 

0- 
9  V 

9  6 

VC 

1  7  . 
«  1 , 
17. 
17. 

49 

1/ 

i' 

1' 

a 

» ,  ** 
8.23 

a. 22 

4  4 , 4  J 

Ji.55 

1«.29 

4<  .24 

7.64 

7.6c 

7.6L 

7.5V 

41.83 

41,76 

41,69 

41.61 

6. 
6. 
6  , 
O  . 

/6 

/A 

7  2 
>u 

28 ; 
28. 
20. 
27, 

18 

09 

00 

94 

PEC 

l4 

o  . 

17  . 

o» 

6.21 

18.21 

7.6/ 

41.54 

6  . 

0  V 

2/. 

07 

PEC 

1 3 

a . 

0» 

17. 

04 

8.2c. 

18*17 

7.56 

41.48 

6. 

oe 

27. 

02 
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GREaTfR  Tm*n 
1.5x1 


nPEtTfR  Thin 
l.Sx  lf>£xP»5 


QP£  aTER  TmaN 
l.Sx  10E*p«* 


GREATER  Th*k 

1.  SxinExP«3 


r.* 

i 


0»r 

c r  the 
UaR 


mC"RS  TIhe  (I/O 


wQ4 'PS  TIME  0/0  HOURS  time  o/o 


PEC 

18 

PEC 

Tr¬ 

dec 

ie 

trrrr 

l» 

ecc 

20 

DEC 

21 

OEC 

22 

PEC* 

23 

OCC 

24 

rrc* 

25 

dec 

26 

PCC* 

27 

DEC 

28 

PEC-  7V 

PEC 

18 

Ptt- 

rr 

DEC 

1« 

PEC  19 

PEC 

20 

PEC  71" 

DEC 

22 

pec — zr 

PEC 

24 

PEC — 75~ 

DEC 

26 

PEC- 

T 

PEC 

28 

1  2.4? 

51.74 

14.21 

59.20 

1  5.89 

66.20 

1  7 . 46 

72,75 

1  6 , 7  5 

76.10 

20.  J7 

84.66 

21.99 

«1.82 

23.79 

99.11 

24.06 

100.00 

64 . 0  " 

1  0(1 .  00 

24.0'' 

i  no .  f  o 

24 .0r 

1  n  0  .  .0 

24  .  (in 

100.  00 

24  .on 

100.00 

GhEaTER 

Tm*n 

l.Sx  10EXP 

•  2 

8.8« 

37.02 

6 ,6b 

37.02 

6.89 

37.03 

8.89 

37,  0« 

8.9  0 

37,0? 

8.»1 

37,11 

8,92 

37.15 

6.9  * 

37,20 

6.94 

37,25 

6.95 

37,30 

13.66 

56.94 

15.60 

45.00 

10.67 

44,47 

e  .  96 

37,41 

11.09 

48 .71 

i  3.41 

55.87 

15.27 

63.64 

16.94 

70 . 5» 

16.32 

76  ,J4 

,5.9i 

82.9* 

21 . 54 

*9.76 

23.24 

96 . 85 

94.00 

1 n0  .  On 

24.00 

i  n  n  ,  o  n 

24.00 

1  n  o  .  on 

24.00 

1 nc . Oft 

24.00 

1  ft  0  .  0  " 

24.00 

1  no .  On 

GREa’EH 

Than 

l.Sx  1 0E  X  R 

*1 

6.19 

J4.  J4 

8,19 

34.13 

8.19 

34.13 

8.19 

34.13 

1.20 

J4.15 

1.20 

34.19 

8.22 

34.23 

8.23 

34.28 

8.24 

34.33 

8775 

34.40 

8.27 

34.46 

8.29  3*,53 
8. JO  3«.80 
8 . 32  3 *  •  8 8 


10.69 

45,39 

11.05 

*6.03 

12.79 

5  3,29 

15.26 

63,57 

17.17 

71,55 

16. »1 

76,81 

20.56 

85,76 

22-27 

92,78 

24.00 

100,00 

24.00 

100,00 

24.00 

100,00 

24.00 

100  .  oc 

24.00 

100,00 

24.00 

100.00 

greater 

Than 

l.Sx  10EXP 

•  0 

7 . 54 

31 . 42 

7.53 

31  .  36 

7.52 

31.32 

7.51 

31.18 

7.50 

31,25 

7.50 

31,23 

7.49 

31,22 

7.49 

31.22 

7.50  31.23 

7.50  31.25 

7.51  31,28 

7.52  31,52 

7.S«  31, <3 

7.58  51.57 


hO"RS 

T  I  HF  r  /  ft 

9 . 66 

4P.23 

9.65 

40-22 

9 . 66 

4Q.34 

9 .76 

40.65 

9.87 

41.15 

15.01 

62.52 

17.49 

72.8’ 

19 . 56 

61.51 

21 . 51 

*9.6  3 

23.61 

9*„3t 

24.00 

loo  .on 

2«.00 

loo  .on 

24.00 

100.00 

22.66 

94  ,sr 

GREaTEH  Th»k 
1.  5x  1 0E  XR*  1 

6.67  27,78 

6.66  27,7* 

6.65  27.72 

6.65  27,71 

6.65  27,72 

6.66  27,76 

6.66  27.77 

6.67  27,61 

6.69  27.66 

6.70  27.92 

t,)2  27,’’ 

6.76  26,07 

6  ,  /  6  26, 15 

6.76  26. 2« 


VI 


Tv) 


.  OAt 
CF  The 
t  C*° 

occ  so 
ncc  si 

J  AN  1 

jAN  2 
jAN  1 

JAN  A 

JAN  5 
JIN  » 
JAN  7 
JAN  8 
JAN  9 
JAN  10 
JAN  11 
JIN  12 


OEC  SO 
PEC-  31 
jan  1 
JAN  2 
jAN  3 
JAN  A 
JAN  5 
JAN  6 

jan  7 
JAN  8 
JAN  9 
JAN  10 
jAN  11 
JAN  12 


G“£»TfW  Than  GRCaTf**  Than 

l.$x  lnE»p«»  1.5xl0£*p»5 


wOl  'B  S 

Tine  n/o 

nQIlPS 

TIME  O/n 

?4  .  PO 

100.00 

PA  ,00 

10  0.00 

PS  .  37 

97,36 

92.85 

95.20 

PI  .A4 

80. 1* 

PI  .  16 

•8.16 

,  9 . 99 

83.27 

1  * ,  55 

81 . 48 

1  8  .  A  4 

76.  M 

1  7 , 95 

7A,7« 

7  n  ,  3  S 

1  6.34 

A8  .  n7 

1  S.24 

4  J  ,  4  o 

.4,60 

*  ‘.1 . 8  P 

'3.56 

56. a7 

<2.59 

52.45 

1  1  .99 

A  9 , 8  8 

il.  9J 

49 . 7 0 

1 1 .  9  9 

49,87 

1  1.93 

49.70 

1  1  .99 

49,87 

1  1 . 9 .5 

49 . 7 1 

i  1  . 9  o 

49,97 

11.93 

49.7? 

.  «  OP 

49,97 

11.93 

49.75 

'  2  .2« 

51.01 

12.17 

50.7? 

S-LaTE*  I f »N  a#tA I  EH  Than 

l.Sxi  £»h-2  l.SxltEif'l 


a  ,  **3 

37. 

43 

d  . 

34 

3  4  . 

76 

a.vv 

37. 

46 

d. 

it 

34. 

83 

9  .  0w 

37. 

49 

d . 

36 

34. 

«1 

9  ,  o4 

37, 

65 

d , 

40 

34. 

90 

37. 

70 

8, 

41 

35. 

06 

9 . 1', 

37. 

92 

b, 

■*3 

35. 

13 

9  , 1  <; 

38  , 

,0° 

b, 

,  4? 

36. 

>  2  0 

9  .  1'V 

38, 

,  2 ' 

a , 

,  49 

35. 

.37 

9  2  < 

36  , 

. 4  5 

0 , 

.  S4 

35, 

,  58 

v  .  2  / 

36  , 

,63 

b 

.  it 

35 

,76 

9  .  4  1 

38 

.79 

d 

.62 

35 

.9? 

*  ,  3* 

56 

,  9  4 

b 

.65 

3  6 

.  06 

9  ,  3 

39 

.0' 

0 

.  71 

36 

.29 

9 ,41 

39 

.20 

d 

.  77 

36 

.53 

GPEaTFB  Than 

GOEaTeH  than 

1. 5x  10E»P»4 

1.  Sxl  f’E*p»  S 

H0UWS  Tint  0/0 

HOUHS  tike  r/n 

23.57 

98.20 

20.80 

86.65 

21.65 

90 .20 

18.63 

78,47 

19.97 

83.23 

16.64 

69,33 

18.31 

76  i« 

13.59 

56.64 

16.56 

'6.99 

9 , 98 

41,60 

14.53 

-0.59 

9 .93 

41  .  J9 

11  .55 

48.13 

9.92 

41.35 

11.26 

46.9? 

9.93 

41.38 

11.15 

46.47 

9,95 

41.45 

11.16 

46.60 

9.99 

41,65 

11.22 

46 .76 

1  0 . 0  « 

41.84 

11  .26 

4  j  1  ?  J* 

1  0  .  -7  « 

42.01 

11.30 

47,06 

10.1? 

42.17 

11.33 

47.21 

10.1s 

42. 3f 

GREaUH 

Than 

GRE  A  7  E  K 

Than 

l.SxluEAP 

♦0 

l.SxlCEXH 

*1 

7.61 

31.71 

6.60 

28,33 

7.65 

3l.»6 

6.82 

28,43 

7 . 66 

32.01 

6.05 
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10 

11.49 

56, 

20 

WTR" 

T1 

11.61 

56, 

72 

has 

12 

13.75 

97, 

10 

H»*r  H 

13. *5 

97, 

T1 

■  A* 

14 

ll.*2 

58, 

00 

nr* — r* 

11. *» 

76 

20 

HAS 

14 

14.07 

58, 

63 

fit" 

"17 

14.20 

59 

1' 

MAH 

1* 

14.13 

59 

69 

H*”l» 

1«.«1 

•0 

0» 

HA* 

20 

14.47 

*0 

10 

mtr 

14,60 

‘0 

*< 

MAM 

22 

1* ,  76 

*1 

«9 

n  Ti 

14,87 

•  l 

96 

HOURS  Tint  o/o 


hours  i ine  o/e 


hours  tjhe  e/o 


It. *4 

14.42 

14.42 

14.43 
iT.lS 
It. IT 

?i. a« 

91.14 

94.00 

94.00 

94.00 

94,00 

24.00 

24.00 


46.41 

44.41 

44.43 

44.44 
Tl.45 
?t.M 
84.7? 
44.40 

100.00 
1  o  0  •  0  0 
100.00 
100.00 
100.00 
100.00 


greater  Than 

I. 5xlOE*R«l 


13. *6 

ia.»* 

ii.i» 
i».a» 
11. IT 
ll.«* 
11.47 

1».»* 
11. TO 
11.42 
ll.*0 
11.  *» 
14. 0» 
14, 1’ 


34.00 

44.14 
54,74 
9t.ll 
tt,7i 
99. tT 

14.14 
94,61 
57. 0» 
97.11 
97.  »c 

94.30 
54. ?o 
9«  .01 


15.17 

15.44 

15.93 

15.67 

15. 44 
16.1* 
14.72 

20. *9 

22.44 
24.00 
34.00 
34.00 
24.00 
24.00 


64.04 
64, It 

64.64 

6t. a* 

44.12 

67,41 

77.64 
67,  it 
t5.lt 

100.00 

100.00 

100.00 

100.00 

100.00 


greater  than 

1.  SxlOElR*  0 


12.44 

12.46 

13.57 

12.»* 

12.4* 

12. to 

12. *S 

13.09 
13. 1« 
11.26 
13.19 
11.42 

13.9) 

13.62 


Sl.*l 

51, ** 

52,  It 
dll  01 
51,46 
51,71 
51,97 
54,34 
54,74 
55,2* 

55,44 

56,ti 

56,17 

56,77 


14.24 

14.14 

14.41 
14. 4T 
14.56 
14.71 
14.8* 
15.11 

16.64 

It.  58 

21.41 
22.79 
24,00 
34.00 


99.14 

54.75 

60.06 

60.2* 

60.65 

61,16 

61.98 

62.94 

*9,54 

*1.58 

89,20 

94,97 

100.00 

100.00 


GREATER  Than 
1. Sx  ioe*5*1 


11.  *1 
11. *0 
11,** 

12.  P« 
12,17 
12.27 
12,1* 
12.42 
12.52 
12.61 
12.70 
12,60 
12.66 
12. *• 


49,28 

49,58 

49.83 

»0,1« 

90,70 

*1.16 

11,49 

51,77 

52. 15 
92,51 
52.94 

51.15 
51,67 
54,10 


Sixty  deg:  Page  22 


oof»rrH  Than 

l.Sx  lnt»P«4 


GR£  A  Tf A 

1.5xlf'C*P»» 


GRCaTEM  Than 

l.Sxi«E*P»4 


QR£  A  T£R  THAN 

l.Sx  10ExR»3 


•  0*v 

Of  T«*E 

UA» 

NAD  24 
HAM  23 
mam  26 
HAM  2T 
HAM  26 
HA"  29 

Hi"  10 

HAM  31 


mO"AS  Tthf  0/0 


„OU»S  TjHf  0/0 


HOURS  Tint  0/0 


HOURS  TlMf  o/O 


?«.00 
94.00 
94.04 
94 .00 
94.00 
92. 71 
91.3’ 
19.87 
18.74 

1  8 . 74 

1».24 

19.24 

19.24 

19.49 


100.00 
100.00 
100,00 
100.00 
100.00 
94,64 
89.14 
82.79 
78.10 
78.10 
«0.t? 
*0.1® 
®  0 . 1  ® 
81.22 


94,00 
24.00 
94,00 
94.00 
9S.«2 
92. 2S 
90  .«2 

14.16 
18.88 
16.68 

14.17 

14.17 

14.18 

14.43 


100.00 

100.00 

100.00 

100.00 

99.63 
4  2.7ft 
46.77 
79.8.1 

77.63 
77,84 
74.67 

74.64 
79  .ft 
60.*4 


>4,00 

24.00 

24.00 

24.00 

22.67 

21.13 
14.17 
17.93 
17.74 
17.88 
16.02 

16.14 
18  '4 
II 


100.00 

100.00 

100.00 

100.00 

43,23 

86,03 

79. 40 
74,77 

73.40 
74,44 
75,10 
75,34 
75,»4 
76,7o 


24.00 
24. CO 
24.00 
22.46 
19.99 
16.20 
16.21 
16.25 
16.40 
16.53 
16.63 
16.71 
16.79 
16.96 


100.00 

100.00 

100.00 

43,37 

63.30 
67.49 
67.53 
67,69 
66,32 
46,89 

69.31 
64,61 
44,96 
70.67 


GR£  a  T t  n  Than 
1.5xl8E*R*a 


GR£a1£N  Than 

1.  Sx 10£*N»t 


GREATER  Than 

l.SxiO£«P*0 


ham  24 
MAR  23 
ham  26 
hA«  27 
ham  28 
ham  29 
ham  30 

HAM  31 


14.93 
1  5. 04 
15.11 
15.17 
15.22 
15.31 

15.46 

1 5 . 5« 

15.67 
15.7/ 
1  5.8c 
15.97 
1».  0’ 
1*  .  I7 


62,22 

62,66 

62,97 

63,21 

43,42 

61,78 

64,41 

44,90 

65,25 

45,44 

65,83 

46,54 

67,02 

47,36 


14,25 

14.33 

14.46 

14.36 

14,66 

14.71 

14.76 

14,94 

15.07 

15.15 

13.21 

15.25 

15.42 

15.35 


59.38 

39.79 

60.24 
40 . 74 
61.08 
61.30 

41.60 

42.25 
62.76 
63.13 
63.37 
63.35 
64,27 

64. 61 


13.69 

13.79 

13.87 

14.01 

14.11 

14,16 

14.23 

14.32 

14.46 

14.59 

14,66 

14,71 

14.78 

14,94 


57,04 

57,44 

57.60 
56,36 

58.76 
59,07 
39,27 
59,47 
60,33 

60.77 
61.0’ 
61,31 

61.60 
62,23 


Gfl£At£N  than 

l.SxlOE***! 

13,0®  54 

13.16  34 

13.23  35 

13.33  35 

13,45  34 

13.53  56 

13,63  34 

13.70  37 

13.76  37 

13.90  57 

14.01  96 

14.10  98 

14.17  59 

i*.23  59 
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M\iVkVV’^kV.'  <  A. ‘A. V  i'Cm’f'Zjtl aKV*hV« 


0#r*Tr»  tH*N  tM*N 

i.s?<lotrP**  1>Sx  16C*R*6 


0»E*TIR  tH*N 
l.Sx  10UP-4 


1. 


QREaTEH  ThaR 
5xio€*P»3 


DAY 

or  m 


hours  Tim  0/0  HOURS  Um  0/0 


APR 
IPH — 

7 

1*. 

74 

62. 

24 

— IT 

1  * . 

74 

62. 

24 

6 

1*. 

*6 

6S. 

>0 

TR1T-  10 

20. 

24 

64. 

|4 

APR 

11 

20 

24 

•  4, 

|4 

APP  ' 

12 

21 

IS 

66 

q4 

APR 

IS 

2S 

U 

64. 

APR" 

14 

24 

00 

100 

APR 

1» 

24 

00 

100 

apt 

16 

24 

00 

100 

0  0 

APR 

17 

24 

00 

100 

00 

A  W*-- 

16 

24 

.Oft 

100 

,00 

APR 

1« 

?4 

.or 

100 

.00 

AfR- 

20 

?4 

.00 

100 

.00 

(JREaTER  TRa* 
1. SxlOE  XP«  2 


16.47 

61.67 

1  6 ,4# 

61.66 

1  *  .62 

61.02 

20.17 

44.05 

20.1» 

64.07 

20.64 

65.14 

21.64 

40.64 

24.00 

100.00 

24.00 

100.00 

24,00 

160.00 

24.00 

100.00 

24,00 

100.00 

24,00 

100.00 

24.00. 

lAO.en 

QRtAlER 

Than 

1.5xlO£xP«l 


HOURS  TTHC  0/0 


16.47  77,61 

16.61  7«. «» 

16.66  76,06 

16.12  76,47 

16. SO  6Q.*1 

14.65  62,41 

2  0 • 5*  65,66 

2 S . 20  64,44 

24.00  100,00 

24.00  100,00 

24.00  100,00 

24.00  100,00 

24.00  104,0ft 

GREATER  7  HA  ft* 

1.  Sxl  OE  IP  *  0 


HOURS 

Tint  e/0 

17.08 

71.16 

17.1? 

71,56 

17.24 

71,74 

17.40 

72i*6 

17.54 

71,06 

17.4S 

71,54 

17.74 

74.01 

17,65 

74.78 

18.16 

71,66 

16.57 

77,17 

20. OS 

63,45 

21.62 

*o;*o 

23. 34 

67,25 

24.0ft 

100.00 

GRCAtC"  T  H A  ft 
.  1. SxiOtxP*! 


APR 

7 

16.22 

67,60 

T TR¬ 

"8 

1 6 , 5  * 

68, 07 

AP* 

6 

16.44 

68,72 

TP* - ITT 

16.60 

*’.1B 

APR 

11 

16,66 

64,51 

— 17- 

16.7V 

69,44 

APR 

IS 

16.94 

7  0  .  l7 

APR' 

T« 

1  7  .  0* 

7  0  .  *® 

APR 

if 

1  7 . 1* 

7 1 ,  *2 

aim — it 

1  7 ,25 

71.66 

APR 

17 

17.37 

72.3' 

-TP*" 

17.52 

73.01 

APR 

1« 

1  7 , 6  5 

75.52 

APR  " 

“70 

1  7 , 76 

75,44 

15.64 

63.16 

15. 0» 

1 5 . 7o 

65.43 

15. 1« 

15.74 

65.6o 

15.20 

15.41 

66,30 

15.30 

14.05 

66.66 

15.40 

16,1* 

67.14 

15.53 

14.20 

47.51 

15.62 

16  *  33 

66,03 

15.64 

14.42 

66.40 

15.60 

16.55 

66.46 

15.64 

14.64 

64,36 

16.00 

14,75 

64.74 

16.10 

14.66 

70.26 

16.1’ 

14.44 

70.60 

16.31 

62.75 

14,34 

54,75 

63, 0» 

14,47 

60.26 

63,34 

14,56 

40,6* 

63,73 

14.64 

61,01 

64,il 

14.71 

61,2’ 

6  4 1  7 1 

1«,82 

•1,74 

65,0* 

14,  Vl 

62,14 

65,16 

65,62 

15,02 

62,60 

15.11 

•  2,*5 

66,23 

15.1* 

63,2* 

66,66 

15,30 

63,74 

67,10 
67, 4» 

15,  J8 

44,0* 

15,48 

64,44 

67,47 

15,57 

64.6* 
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GO£*TfH  Tham  a»C*TEH  Than  GREATER  Than  GREATER  T-an 

1.5xl6£»P»6  1. 5xlOEXP-5  l.Sxl1E»P*4  l.SxlOExP'S 

0*v 


CP  T**C 

T£*B 

X 

o 

i 

71 

TIME  4/0 

WQItPS 

Tl«r  o/fl 

MOUPS 

tihe  o/n 

mOiimS 

TlHC  O/0 

ap* 

21 

^4 .  n" 

100.00 

24,00 

ino .  on 

24.00 

100.00 

2«.00 

100,00 

ap« 

22 

94  .  of' 

100.00 

34,00 

100.00 

24.00 

100*00 

24.00 

100.00 

tp« 

21 

94 . 0* 

100.00 

34  ,  on 

ino.en 

24.00 

100.00 

24.00 

100.00 

ap* 

2* 

9  4,0* 

100.00 

34.00 

1  no . on 

24.00 

100.00 

24 .00 

100.00 

ip« 

25 

94.0* 

100.00 

34,00 

1 "0 . 00 

24 ,0P 

109.00 

24.00 

ioo.oo 

ap* 

26 

94,0' 

100.00 

24,00 

1  no . on 

24 ,  OP 

109.00 

19.07 

62.79 

ap* 

2? 

94.0- 

100.00 

34,0  0 

1  no . on 

24.  OP 

109.00 

19.76 

82,33 

*p- 

26 

94 . 0r 

1HO.0O 

34.  on 

1 nn . on 

23.44 

97,66 

19.84 

62.66 

AP« 

29 

94.0n 

1O0.00 

24,  OP 

1  no . on 

24.00 

109.00 

19.93 

"3.12 

iPR 

30 

9  4.0* 

100.00 

34  .  OP 

1 nn . o  n 

24.00 

109.00 

20.12 

81,8? 

«*ay 

1 

94.0'- 

100.00 

34.00 

1  n  :i .  o  " 

24 .  op 

100.00 

2  0 .  U 

64,6? 

-AY 

2 

94.0- 

l on. oo 

34,00 

1  n  n  .  o  n 

24,00 

109.00 

20.44 

6  5,22 

-AY 

1 

9  4,0 

1 00 . 00 

34,  on 

1  n  n  .  o  n 

24 ,  on 

109.00 

20.65 

66,0? 

-ay 

4 

9  4.0  : 

nn.no 

34,00 

i no .  on 

24.  op 

100.00 

20.83 

66.66 

“  L 

Tt  -  t  "A'. 

P,M£  A  t  £M 

That 

19£AHm 

Than 

!1M»  Alt" 

IMA* 

1.5x1 

t  *n-2 

l.SxlPC»P* 

1 

l.SxlGl*w*0 

1,  Sx  1  "  £ «P 

*1 

*PH 

21 

1  7 . 4 

/ 4  ,  3* 

1  7  .  0  7 

71.12 

16.40 

68,33 

1  5 . 66 

63,23 

1PM 

22 

73.21 

i ; .  i* 

71.31 

16.48 

68.69 

13.  7  7 

65,  7J 

IP* 

23 

1".  t' 

73,3V 

1/.30 

72.09 

16.39 

69,  j.3 

13.06 

68.09 

AP- 

2* 

t  n , 

7n .  o2 

17.40 

72.46 

16.70 

69,99 

13.93 

66,39 

AH" 

25 

in,  )i 

7n.  3V 

17.47 

72.80 

16.82 

70.08 

16.  J4 

66.81 

4PM 

26 

M,  4/ 

76,73 

1  7 . 59 

73.29 

1  6  .  V  L 

7  s  .  4  3 

16.13 

6  7.2C 

If* 

2? 

t  9  .  *5, 

7  7,10 

1  7.76 

73.36 

16. Vn 

7  u  •  7  4 

1  6  .  t  * 

6  2,6b 

4PM 

28 

1  rt  .  fi* 

/  1,7* 

1  7.83 

74  .  J3 

17. OP 

7  1 , 1 9 

16.4** 

48.  fl7 

AP- 

29 

i  9  .  n  • 

7h  ,  jo 

'7.93 

74,  7t 

17.21 

71.73 

10  .  *1 

68,39 

4PM 

30 

7o.no 

18.03 

73.11 

17.33 

72.19 

16.49 

68,73 

WAT 

1 

79,27 

18.13 

73.64 

17.41 

72,34 

16.39 

69.12 

M4V 

2 

i  * .  r 

'i.vi 

*8,29 

76.23 

17.48 

72.03 

16.71 

69.3* 

-AT 

3 

;V,A/ 

0.52 

'8.39 

78.64 

17.39 

73.2* 

1  6  ,  n  1 

7  o  ,  0  3 

-AT 

4 

*7,4' 

"r. 9/ 

.0.47 

7 8 ,93 

17.  73 

73.86 

1 6  ,  o  - 

70.37 
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GOgiTpR  Than 

1.5x m£xR«6 


a«E*TER  Than 
l.SxlOE*R«S 


qre aTCR  Than 

l.SxlOEXP-4 


GREATER  Tha* 
1. 5x 10ExP“S 


Day 
F  tH£ 

year  wQhRS  TIh£  o/O  HOURS  TIhE  0/8 


HAT 

• 

54  , 

00 

100. 

00 

VAT  ' 

X 

54. 

00 

100. 

00 

HAT 

7 

54. 

00 

100. 

00 

HTT“ 

V 

?4  . 

00 

100. 

00 

hat 

9 

54  . 

00 

100. 

00 

HAT 

10 

54  . 

00 

100. 

00 

HAT 

11 

54, 

00 

100. 

00 

HAT 

12 

54  , 

,00 

100, 

,00 

HAT 

IS 

54  , 

.  OO 

100, 

ito 

HIT 

1« 

54 

,00 

100, 

,00 

HAY 

15 

74 

.00 

1  no , 

,00 

HAT 

16 

54 

.00 

100, 

,00 

HAY 

17 

54 

.  0" 

100 

.00 

HAT 

18 

74 

no 

100 

.00 

G''E*  T£h 

Than 

i.Sx  HE*P«2 


HAY 

5 

1  9 . 

i>6 

8 1 

50 

HAT 

6 

1  9  , 

73 

82. 

21 

hay 

7 

1«. 

87 

82 

79 

HIT 

8 

19. 

ve 

81 

2* 

hay 

9 

50. 

15 

81 

94 

HIT 

19 

50 

32 

84 

65 

HAY 

11 

5  0 

44 

85 

.1* 

XI T 

12 

20 

59 

85 

,80 

hay 

U 

?0 

79 

86 

,60 

~hty 

I*’ 

?0 

91 

B  7 

.21 

HAY 

19 

?1 

.11 

B7 

.96 

HAT 

ir 

51 

.45 

88 

,«4 

HAY 

17 

?1 

.5/ 

89 

.6' 

mr  t 

1» 

?1 

.75 

’c 

.6* 

?4. 

00 

100. 

on 

54. 

00 

too. 

00 

54. 

00 

ino . 

00 

54. 

00 

mo. 

00 

?4. 

00 

mo. 

00 

?4. 

00 

mo . 

on 

?4. 

00 

too. 

00 

54. 

00 

mo . 

00 

?4 , 

,00 

mo . 

on 

54  , 

,00 

mo . 

on 

54, 

,00 

inn . 

on 

54, 

,00 

mo . 

,00 

54  , 

,00 

100. 

,00 

54 

.00 

ICO  < 

,  on 

qREaJ£N  Than 

l.Sx  lOEXP-1 


lB.59  77.46 
.8,75  TB.ll 
.8,86  7B.S9 
1 B , »  5  78.94 
jV.Ot  79.41 
1* , 21  80. OS 
j9.ll  80. SS 
1 9 , 4 J  80.95 
19.54  81.42 
j9,68  82.00 
]9.8i  82.56 
j  9 , 9  2  82.98 
20.  #4  84. 5o 
20. iT  84,04 


HOURS  tine  0/6 

24.00 

100.00 

24.00 

100.00 

24.00 

100,00 

24.00 

100.00 

24.00 

100.00 

24,00 

1 D  0 . 0  0 

24.00 

100 ' 00 

?4,CD 

100.00 

24.00 

100.00 

24.00 

100.00 

24.00 

iOC  .  00 

24.00 

103.00 

24.00 

100.00 

24.00 

100,00 

GREATER 

Than 

. 5x  1 01 XP«  0 

17.64 

74.11 

17. 9* 

74,65 

17.99 

74,97 

18.10 

75,42 

18.24 

76,00 

18.3* 

7  6,43 

18.42 

76,76 

18.51 

77.12 

18.62 

77,57 

18.75 

7B.il 

18.85 

7B.5I 

18.91 

7  6,86 

19.02 

79,27 

19.12 

79,67 

hours  Tine  r/o 

21.02 

87,58 

21.25 

88,55 

21.45 

89. S6 

21.70 

90.44 

21.95 

91.44 

22.26 

92.76 

22.59 

94.11 

23.06 

96.10 

24.00 

100.00 

24,00 

100.00 

24.00 

100. 00 

24.00 

100.00 

24.00 

ioo.oo 
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PART  8:  COMPUTATIONS  FOR  THE  MC  'S  AND  SUN'S 
POSITIONS  IN  THE  SKY 

The  useful  illumination*  provided  by  the  moon  on  a  point  on  the  surface  of  the 
earth  is  determined  by  the  phase  of  the  moon,  the  zenith  distance  of  the  moon, 
and  the  zenith  distance  of  the  sun.  These  three  quantities  vary  with  time  according 
to  the  motions  of  the  sun  and  moon  on  the  celestial  sphere  with  respect  to  the 
zenith.  Their  paths  in  the  sky  are  defined  by  the  relative  positions  of  their 
orbits,  their  positions  in  their  orbits,  and  the  rates  of  change  of  position  along 
their  orbits.  The  motion  of  the  observer's  zenith  is  governed  by  the  earth's 
rotation. 

The  moon  moves,  and  the  sun  can  be  considered  to  move  in  nearly  circular 
orbits  around  the  earth.  The  orbits  are  inclined  to  the  equator  and  the  nodes, 
their  intersections  with  the  celestial  equator,  move  at  essentially  a  constant 
rate  along  the  equator  with  respect  to  the  fixed  stars.  The  rotation  of  the  earth 
will  display  to  different  observers  at  different  geographical  longitudes  but  the 
same  latitude,  different  relative  positions  of  the  sun  and  the  moon  with  respect 
to  the  zenith  because  of  the  relative  motion  of  the  sun  and  moon  in  the  time 
elapsed  to  bring  them  from  the  sky  of  one  observer  to  the  other's. 


vThis  section  specifically  ignores  rerraction  and  ausoipcion. 
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The  desired  quantities  are: 

«  =  Phase  of  the  moon  j 

2  =  Zenith  distance  of  the  moon 

( n 

Zs  =  Zenith  distance  of  the  sun  j 

i 

The  parameters  chosen  to  specify  these  quantities  are: 
t  =  Time 

X  =  Observer's  latitude 
4  =  Observer's  longitude 

Constants  for  the  orbits  (see  Fig.  18)  are:  >" 

i^  =  Inclination  of  the  sun's  "orbit'1  (the  ecliptic)  to  the 
equator.  This  was  equal  to  23°  26'  40"  in  1960. 

i2  =  Inclination  of  the  moon's  orbit  to  the  ecliptic  (varying 

with  time  from  4°  S9'  to  S°  18');  the  mean  value  of  S°  8'  j 

is  taken  here. 

Variables  defining  the  important  motions  are  (from  Fig.  18): 

o  =  Longitude  of  the  sun  from  the  vernal  equinox  (t)  ;  i.e., 

from  the  ascending  node  of  the  sun's  orbit  with  the  equator. 

u  =  Longitude  of  the  moon  from  the  ascending  node  of  its  orbit 
with  the  ecliptic. 

v  =  Longitude  of  the  ascending  node  of  the  moon's  orbit  from  T  . 
a  =  Right  ascension  of  the  observer's  zenith  from  T  . 

Assuming  circular  orbits,  these  variables  change  uniformly  with  time: 
o  =  a0  +  2r.  (t-tg)/Ts 
u  =  m0  ♦  *r  it-t0)/Tm 
v  =  vQ  -  2n  (t-t0)/Tn 
az  =  4  +  2tt  (t-t0)/Td 
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For  zero  values  of  oQ,  uQ,  vQ,  and  >■ ,  zero  time  (t=tQ)  corresponds  to  noon  at 
the  Greenwich  meridian  on  March  21,  with  a  new  moon  and  the  maximum  inclination 
of  the  lunar  orbit.  For  the  solar  eclipje  on  May  20,  1966,  at  Greenwich  (l  =  Q) 


o0  =  58.84 

U0  =  ° 

vo  =  °o 

tQ  =  7:50  a.m. 

The  values  of  the  periods  are  : 


T  =  The  tropical  (civil)  year,  the  time  between  two  successive 
passages  of  the  sun  through  the  vernal  equinox, 


=  3.155692S98  x  10  sec 

T  =  The  nodical  month,  the  time  between  two  successive  passages 
of  the  moon  through  the  same  node, 

=  2.3S113S8  x  106  sec 

Tp  =  The  period  of  regression  of  the  nodes,  the  time  for  one 
revolution  of  the  lunar  orbit  pole  around  the  pole  of  the 
ecliptic , 

=  S. 8696  x  IQ5  sec 
=  18.6000  tropical  years 

Td  =  The  sidereal  day,  the  time  between  two  successive  passages 
of  a  fixed  star  through  the  meridian, 

=  8.6164099  x  104  sec 

The  rate  of  precession  of  the  celestial  pole  around  the  pole  of  the  ecliptic 
is  presently  one  revolution  in  2S,78i  years  and  is  neglected  in  our  calculations. 
The  assumptions  of  circular  orbits  fcr  the  sun  (eccentricity  e  =  0.016739)  and 
fcr  the  moon  (e  =  0.05490)  leads  to  maximum  errors  in  their  positions  of  1.9  - 
3.3  deg  ar.d  6.3  -  12.6  deg  respectively,  depending  upcr.  the  position  in  the 
elliptical  orbit  at  which  the  circular  approximation  is  started. 

Three  interesting  harmonicisms  exist  between  the  moon  and  the  sun,  with 
periods  all  between  19  and  19  years.  These  are  the  following: 

Saros  :  The  period  of  recurrence  of  eclipses  =  13  years, 

11-1/3  days; 

223  synodic  months  (from  conjunction  to 
conjunction)  =  €535. 32d 

19  eclipse  years  (time  for  sun  to  piss  from  a 
lunar-orbit  node  to  the  same  node  again  =  346. 62d) 

=  -5S8S.7SO 

239  anomalistic  months  (from  perigee  to 
perigee)  =  6S9S.S4d 


Metonic  Cycle :  The  period  of  recurrence  of  the  phases  of  the 
moon  on  the  same  day  of  the  month; 

23$  synodic  months  =  6939. 69d 

19  Julian  years  (36S.2$d)  =  6939. 7Sd 


Period  of  Regression  of  Nodes  :  18.6000  yr 


=  6793.50 


DESCRIPTION  OF  CALCULATIONS 

I.  Declination  and  right  ascension  of  the  sun  are  found  with  the  following 
equations ; 

-1 


=  sin  (sin  a  sin  i^) 


sin  a. 


sin  a  cos  ij 
cos  6„ 


cos  a  =  — S-? 
s  con  6, 


The  signs  of  sin  as  and  cos  a$  will  give  the  proper  quadrant  f  nr  the  angle 


II.  The  following  equations  are  used  in  the  computation  of  the  declination  of 
the  ascending  node: 


Sn  =  sin'1  (sin  v  sin  i1) 


sin  o 


_  sin  v  cos  i^ 
cos  4 


-  cos  v 
cos  an  -  £3sT 


III.  The  azimuth  of  the  vernal  equinox  from  the  ascending  node,  the  angle  AZn, 
is  found  from  the  following  equations: 

sin  AZ  =  C05  jl 
n  cos  6 

n 

cos  AZ  =  -cos  v  sin  6r 
n  sin  v  cos  6 

n 

The  angle  used  in  the  computations  cf  the  coordinates  of  the  moon  is  the 
angle  AZ  i.e.,  the  azimuth  of  the  moon  from  the  ascending  node: 


-  AZ  -  n  -  i_ , 

when  a  is 

m 

n  2  ’ 

n 

A  7 

m 

=  AZ  -  i.  . 

ji  i. 

when  a„  is 
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IV.  The  moor's  right  ascension  and  declination  are  found  with  these  equations 
6m  =  sin"1  (sin  cos  u  +  cos  6n  sin  u  cos  AZ^) 

am  "  amn  +  an 

sin  AZ_  sin  n 

HI 

sin  cl  =  — ""-t - 

mn  cos 

m 

cos  u  -  sin  6n  sin  6m 

cos  amn  cos  6  cos  6 

n  m 

V.  The  coordinates  of  the  zenith  are  as  follows: 

6z  =  Latitude  of  Observer,  \ 

,  2  n  t 

a2  -  1  +  — - 

z  Ad 


VI.  The  zenith  distance  of  the  moon,  Z  ,  is  found  from: 

-i 


=  cos"1  (sin  6S  sin  6Z  +  cos  &s  cos  4Z  cos  (a2  -  as)) 


The  zenith  distance  of  the  sun,  Zs ,  is  found  from: 

Z.  =  cos"1  (  sin  5  sin  6,  +  cos  cos  6,  cos  (a.  -  a,)') 

s  \  m  2  m  z  m  z  * 

The  great  circle  distance  from  the  sun  to  the  moon,  <p,  is  found  from: 

cp  =  cos'1  (sin  sin  +  cos  6,  cos  6  cos  (a  -  a.)) 

\  s  m  $  m  ms/ 
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APPENDIX 


Natural  llluminotion  Charts 


This  edition  it  photographically  reproduced 
by  permiwion  of  the  Deportment  of  the  Navy, 
Bureau  of  Shipt. 


NATURAL 

ILLUMINATION 

CHARTS 


RESEARCH  AND  DEVELOPMENT 
Project  NS  714-100 

(September  1952) 


DEPARTMENT  OF  THE  NAVY 
BUREAU  OF  SHIPS 
WASHINGTON  25.  D.  C. 


Bureau  o(  Standards  before  and  after  the 
njeaaurementa  were  made.  The  bright  net  a 
photometers  were  calibrated  by  the  Nela 
Park  Laboratory  of  the  General  Electric 
Company. 

The  original  data  were  plotted  at  large 
•calc  and  a  atnoolh  cirve  waa  drawn.  Thia 
baaic  curve  waa  found  to  be  in  good  agree¬ 
ment  with  fractional  curves  published  in  the 
scientific  literature  by  Jones  and  Coodit* 
and  others. 

The  first  plate  (unnumbered)  is  the  basic 
curve  which  gives  the  illumination  as  a 
function  of  solar  altitude.  The  second  plats 
(alio  unnumbered)  is  a  table  of  iUiuhnalion 
values  corresponding  to  each  degree  of 
altitude  of  sun  from  -  90  to  -  21  degrees  and 
from  65  to  90  depees.  Illumination  values 
are  given  for  each  tenth  of  degree  of  tolar 
altitude  from  -  20  to  64  degrees.  In  moat 
cases,  the  figures  given  are  representative 
of  the  precision  indict  tea;  however,  in  the 
lowest  levels  of  illumination,  below  5  a  10'* 
(when  the  sun  is  19.5  degrees  or  more  below 
the  horizon),  three  signrficant  figures  are  not 
justified  by  the  dais.  Likewise,  above  1000- 
foot  candies  (9.9  degrees  solar  altitude 
and  above)  the  value  of  illumination  is 
considered  significant  to  no  mare  than  three 
figures  although  four  are  occasionally  given 

•Lloyd  A.  Jones  and  H.R.  Coodit,  J.  Opt. 

Soc.  AM.  38,  139,(1948) 


of  TIME 


sue.  str t  ocr  eov.  occ 

a  w  ati  a  .  w  tti  a  .  »  n,  a  •  m,  a  .  <*.ta. 


MIX 

a  i«  as 


rtom 


la  tbe  table.  Act  sally,  tbe  values  given  ia 
tbe  table  were  lain*  from  a  miaete  reading 
of  the  baaic  curve.  greatly  aaiargri  ia  acal«, 
and  present  a  n«  pictv*  at  tba  rare*  than 
coaid  be  Bade  by  straight  Interpol  atioa  at 
ttae  table  bad  only  two  at  dne  fifteen  been 
fire®. 


Series.  Each  plate  ia  thia  aeriea  applies  to  a 
given  latitude  aa  shown  ia  the  large  figure 
at  tbe  top  of  tba  plate.  Each  plate  coetaine 
a  family  ol  curves,  each  curve  representing 
a  given  day  of  any  year  when  tbe  declination 
of  tbe  auo  ia  aa  indicated  oc  tbe  curve,  le 
tbia  "Latitude  Seriea”  tbe  illumination  ia 
plotted  cootiauouaiy  aa  a  functioe  of  lime 
from  midnight  to  noon  and  apptiea  conversely 
from  noon  to  midnight  aa  indicated  on  toe 
time  scale.  Plates  were  constructed  after 
tabulating  33,500  tolar  altitude  values  and 
33,500  corresponding  values  o(  tbe  illumina¬ 
tion.  These  values  were  plotted  for  each  20 
minutes  of  tine  and  curvet  drawn  through. 
After  careful  check  of  the  plotted  point],  the 
final  curvet  and  inking  were  accomplished 
by  Mr.  Henry  Everett  of  Washing!!*!,  D.C. 

Inspection  of  tbe  latitude  aeriea  clearly 
illustrates  tbe  sameness  of  the  light  at  tbe 
equator  day  after  day,  throughout  the  year 
tameness  both  aa  to  time  of  occurrence  and 
to  range  of  intensity.  As  one  progresses 
away  boo  tbe  equator  into  tbe  lower  lati¬ 
tudes  of  tbe  temperate  tones,  the  moat 
significant  change  from  day  to  day  ia  seen 
to  be  in  the  time  of  occurence  of  the  normal 
light  distribution  for  tbit  letitude.  However, 
ta  one  leavea  the  tropica  a  perceptible  rise 
and  fall  ia  (he  nooa  intensity  is  found  to 
occur  from  day  to  day.  Thia  becomes  progres¬ 
sively  more  noticeable  all  tbe  way  :o  tbe 
Poles.  The  rate  of  change  from  starlight  to  a 
da  tiling  light  in  the  early  morntog  u  the 
equator  ia  contrasted  in  this  aeries  with  the 
very  alow  changes  which  occur  in  any  one 
calendar  day  in  the  polar  report.  Other 


characteristics  of  I  Domination  peculiar  to 
latituda  can  be  toted. 

Plata.  lfi-43  -  Declination  Striea,  Each 
pair  of  these  charts  ia  (or  a  certain  day  of 
lbs  year  a a  indicated  by  tbe  declination  at 
the  tap  of  tbe  page.  Tba  illumination  ;a 
shown  aa  a  continuous  (unction  of  latitude, 
each  curve  representing  a  given  Inie  of  the 
day.  This  aeries  of  curves,  which  deri  e 
from  the  same  data  previously  described,  ia 
presented  in  tbia  second  fora  primarily  to 
allow  direct  reeding  of  illumination  values 
at  say  latitude  from  ooe  pole  to  the  other 
for  •  aeriea  of  dayi  throughout  tbe  year. 

Oectleation  and  Time.  The  approximate 
declination  may  be  obtained  from  the  graph 
hero  illustrated  for  a  mean  roar  (Figure  2). 
More  accurate  declinations  are  given  in 
nautical  almanacs.  The  same  holds  true  for 
tbe  equation  of  time.  All  hours  given  are  for 
Local  Apparent  Time,  sometimes  called  True 
Sun  Time.  Conversion  of  clock  or  standard 
time  to  Local  Apparent  Time  ia  made  aa 
follows: 

To  standard  time,  add  equation  of  time, 
algebraically  (add  uimg  sign  given).  To  this 
total  add  4  minutes  for  each  degree  your 
location  may  be  East  of  tbe  d  vidian  of  the 
time  tone  in  which  you  are  located.  (Time 
zone  meridians  are  spaced  every  IS  degrees 
from  Greenwich).  Or  subtract  4  minutes  for 
every  degree  your  location  may  be  West  of 
tbe  tone  meridian.  In  case  you  are  on  Day¬ 
light  Saving  Time,  you  will  subtract  another 
hour  to  obtain  local  apparent  time.  Example: 
Assume  you  with  the  true  tun  time  (local 
apparent  lime)  for  a  place  73  degrees  West 
Longitude  on  )une  3,  when  Eastern  Standard 
Time  according  to  your  watch  is  13:45. 

Standard  Time . 13: 4S 

Equation  of  Time  for  June  3 . *00:02 

Total  (true  auo  time  at  zone  meridian)  .13:4? 

75  degrees  minus  73  degrees  equals  2 


DECLINATION  of  SUN 


HI  man. 


IJtJUftJVJUII 


JUNC  JULY 


AUO.  %IWT 


K 


LUKT  euwvt  or  VlH  MOOW 


neuKt  > 


degree!  (no.  of  degree*  cut  of  meridian) 
2  degree*  multiplied  by  4  minute* 
per  degree  equal*  ♦  00:08 

True  Sun  Time  (Local  Apparent  Time).  13:55 

Clear  v*.  Cloudy  Condition*.  The  chart* 
and  table*  contained  herein,  refer  to  light 
condition*  during  average  clear  day*,  clear 
day*  being  defined  a*  lea*  than  seven  tenth* 
overcaat  and  with  the  aun'a  ray*  unobstruc¬ 
ted  to  the  locality  in  question.  When  the  tun 
is  obstructed  by  thin  clouds,  the  values 
given  should  be  divided  by  two.  For  average 
cloud  conditions  obstructing  the  sun's  rays, 
the  values  given  far  clear  day*  should  be 
divided  by  three.  Occasionally,  for  dark 
stratus  clouds  preceding  t  heavy  thunder 
storm,  the  values  given  should  be  divided 
by  ten.  However,  this  is  not  common. 

Influence  of  the  Moon.  The  illuminttion 
due  to  the  moon  may  be  estimated  roughly 
from  its  altitude  ana  phase  in  the  following 
manner.  When  the  altitude  of  a  full  moon 
is  65  degrees  on  a  clear  night,  the  illumi¬ 
nation  on  a  horizontal  plane  is  approximately 
0.03  foot-candles.  When  the  sun's  altitude 
is  65  degrees,  the  illumination  on  a  hori¬ 
zontal  plane  is  10,000  foot-candles.  The 
ratio  of  full  moonlight  to  sun  plus  sky-light 
is  the"  roughly  3  to  1,000.000.  Other  values 
for  full  moonlight  follow  the  sem*-  gwnrmrtion. 


Therefore,  to  estimate  the  illumination 
on  a  clear  night  with  a  full  moon,  determine 
the  altitude  of  the  moon  and  look  up  the 
value  of  the  illumination  due  u>  aun  plus 
skylight  (for  the  same  altitude)  in  tbe  basic 
solar  altitude-illumination  curve  and  multiply 
this  value  by  three-millionths  (3  x  10'*). 

When  the  moon  is  not  full,  ibis  value 
muat  be  multiplied  by  a  factor  obained  from 
fig  ire  3*  which  give*  the  relative  intensity 
of  the  moon's  illumination  as  a  function  of 
phase  angle.  Determine  the  phase  angle  by 
observation  or  preferably  from  the  Nautical 
Almanac  and  from  tbe  graph  (figure  3)  obtain 
the  relative  intensity  of  the  illumination. 
Divide  this  number  by  1000  and  multiply  the 
value  of  tbe  illumination  for  full  moonlight 
(obtained  as  in  the  preceding  paragraph)  by 
tbe  result. 

It  is  the  hope  of  the  author  that  these 
charts  and  tables  may  prove  of  value  to 
oceanographers,  meteorologists,  photogra¬ 
phers,  agriculturalists,  and  other  scientists 
as  well  sa  to  naval  and  military  personnel. 

dayton  p..e.  bpo»n 

COfcWANDER  U.s.  NAVY 

♦H.N.  RumcI,  A«iof*y*ic«J  ]..  43.  117 
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SOLAR  ALTITUDE 


ABOVE  HORIZON 


INTRODUCTION 

It  b  tbe  purpoM  ol  cl bk  book  to  piwWi  the  Anoad  totem  with 
comvmkom  aod  rapid  mow  to  miaotific  bfa— doe  available  oo 
□.rural  Wwnrimtkm  tot  dor  day*  ^  cknr  "wokm  nigh*.  the 
ivm|«  Uiumioatioo  io  loo— dim  falling  oo  •  fully  expoeed  bod- 
soocal  pltM  •(  coy  point  oo  the  onh,  at  toy  dty  of  the  ymt,  cod 
ci  cay  bour  o4  the  day  or  ai|bt,  coo  bo  found  quickly  cod  simply. 
This  information  is  oi  prime  impoemm c*  io  answering  questions 
minting  to  visibility,  optical  much,  detection,  ruconnaitaaotn,  coo* 
cealmeot,  cod  other  oml  cod  military  problem*. 

Natural  illumifatioo  exerts  a  groat  influence  oo  the  existence 
of  all  living  (biop  —  plants,  fitha*.  birds,  cod  animals  —  including 
the  livee  cod  habits  of  own.  It  is  hoped.  t hard ora,  that  (base  charts 
cod  tables  may  prove  of  value  to  men  of  science,  apiculture,  aod 
industry  as  well  as  to  tnval  aod  military  personnel. 


DERIVATION  OF  BASIC  ILLUMINATION 
CURVE  AND  TABLE 

More  than  12.000  illumination  measurement*  were  made  by 
the  author,  or  under  his  supervision,  io  the  Arctic  Antarctic  sod 
the  temperate  sod  torrid  kooes  of  both  hemispheres  between 
Jtnusiy  19^3  and  May  1947.  Photoelectric  illumioometerv  manu¬ 
factured  by  the  Central  Electric  Comptoy  were  used  for  the  meas¬ 
urement  of  light  level*  above  I  fr.  Lower  levels  were  measured  by 
meant  of  bnghtoess  photometers  aod  a  calibrated  tsst  plate.  The 
G.  E.  Illumine  meters  and  the  Brian  O  Brian  low-level  Brightness 
Photometers  used  were  calibrated  by  the  U.  S.  Bureau  of  Standards 
before  and  after  the  measurements  were  made.  The  Luckiesb-Taylor 
Brightness  Photometer*  were  calibrated  by  the  Nile  Park  Laboratory 
of  the  General  Electric  Company. 

The  original  data  were  plotted  on  Urge  scale  aod  a  smooth 
curve  wai  drawn  This  basic  curve  was  found  to  be  in  good  agree¬ 
ment  w,»h  fractional  curves  published  in  the  scientific  literature 
by  Jones  and  Condit1  aod  others. 

The  besic  curve  (fig.  1)  gives  the  average  illumioation  felling 
on  e  fully  exposed  horisontal  plane  in  air  at  sec  level,  as  •  function 
of  the  sun's  altitude.  The  average  values  from  which  (be  basic  curve 
was  constructed  were  based  upon  a  great  number  0/  so-called 
perfectly  (leer  days  which,  of  necessity,  could  no(  be  defined  in 
precise  terms  a*  to  their  light-absorption  and  light-scattering  proper¬ 
ties.  Consequently  the  basic  curve  is  based  upon  data  which  had 
variations  of  probably  five  to  ten  pe.cent  due  to  differences  in  the 
atmosphere  alone.  Likewise  the  G.  E.  illuminometers  aod  photom¬ 
eters  used  contain  certain  limitations,  so  that  the  meter  readings 
cannot  be  considered  more  accurate  than  two  significant  figures. 
Against  this  it  should  be  noted  (hat  the  basic  curve  itself  smoothed 
out  much  of  the  inaccuracy  arising  from  tha  rwo  factors  just  men¬ 
tioned  and  also  the  final  curves  provided  t  basis  for  additional 
corrections.  The  resultant  basic  curve,  as  presented,  is  considered 
to  be  a  reasonably  accurate  statement  of  the  light  attendant  00 
'  clear  '  conditions.  A  combination  of  differences  in  hate,  distance 
of  the  earth  from  the  sun,  sun  spots,  and  other  lesser  factors  slto- 
gether  should  not  make  more  than  a  10  per  cent  variation  from 
the  values  plotted  on  the  basic  curve.  Table  I  gives  values  of  average 
illumination  in  footcaodle*  corresponding  to  points  on  tbe  basic 
curve.  Values  are  tabulated  for  each  degree  of  alti'ude  of  tun  from 
—90°  to  —21 9  and  from  65*  to  90*.  aod  for  each  tenth  of  •  degree 
from  —20°  to  64 9.  In  most  cases,  tha  values  given  are  representative 
of  the  internal  precision  indicated,  however,  io  the  lowest  levels 
of  illumination  (below  5  X  10“\*  when  the  sun  is  19  5°  or  more 
below  the  horison)  three  significant  figures  art  not  justified  by  tbe 
dsca.  Likewise,  above  I0U0  fc  (99*  solar  altitude  and  above)  the 
value  of  illumination  is  considered  significant  to  no  more  (ban 
three  figures,  rlthough  four  are  occasionally  given  in  the  table. 
Actually,  the  valuer  given  in  the  table  were  taken  from  a  minute 
reading  of  the  banc  curve,  greatly  enlarged  in  Kale,  and  present  a 
truer  picture  of  the  curve  (ban  could  be  made  by  straight  interpola¬ 
tion  of  tha  table  had  only  two  or  three  figures  been  given. 


CONSTRUCTION  OP  PLATES 

Preliminary  to  drawing  the  curves  00  the  43  plates,  cable* 
ware  made  of  tbe  sun’s  altitude  for  every  20  minutes  of  time,  for 
each  2  degree*  of  deciineisoo  from  0  to  23V3  degree*  inclusive,  tod 
for  every  3-degree  interval  of  latitude  from  pole  to  pole.  Them 
calculations  aod  plots  were  precise  to  witbin  6  seconds  of  time 
and  6  minute*  of  arc  for  solar  altitude  aod  6  miouce*  of  arc  for 
latitude.  To  tbe  34.632  value*  of  altitude;  corresponding  ill  utmost  ion 
value*  were  tabula  ted  aod  plotted.**  Hence,  tbe  curve*  appearing  io 
the  plates  are  a  more  precise  index  of  solar  altitude  aa  a  function  of 
time  and  place  than  they  are  for  Ulumiaatioo  attendant  oo  those  alti¬ 
tudes.  It  follows  that,  whether  or  oot  we  accept  the  precision  of  light 
values  finally  assigned  to  tbe  beak  curve  aod  to  table  1,  we  cao  use 
the  illumination  curve  for  a  gives  date,  time,  aod  place  00  coy  ap¬ 
propriate  plate  to  determine  tbe  aolar  altitude.  Or,  given  a  tolar 
altitude  at  a  place,  tbe  precise  time  of  occurrencr  of  chat  solar  alti¬ 
tude  can  be  read  on  any  of  tbe  appropriate  plate*.  We  cannot  say, 
with  tbe  aam*  degree  of  precision,  that  for  a  given  time  aod  place 
the  ilium ioatioo  will  be  such  aod  such. 


1  L  A.  Jm«  aod  H.  IL  Condit  ~ Sunlight  sad  Skylight  u  Dfuraifiino 
of  Photographic  Eiponn.  I  —  UniioM  Dmitry  41  DntnBiMd  by  Solar 
Altited*  to d  AtwovphOTC  Condition*"  O^irW  JN1/I7  •/  /InrrkA  /wvwl 
voL  }fi,  00.  2,  February  1941,  p.  139. 

*  For  (ho  coat  mime*  of  tha**  not  familiar  with  th«  twmrio*  of 
otfiihi  powon,  «t  include  a  brief  npliMiiot;  3  X  10"*  asm  as  )  X  1/(10)*. 
or  3  X  1/100400,  or  0-00003;  likrwu*.  2  x  10- *  aquali  002.  Tb*  Ibt  of 
•qwivaleet  val*ea  below  shtmld  pro**  helpfuL 
1  X  10s  at  IO 
1  X  10—  *  sai 
I  x  10-*  s  aoi 

1  X  10-*  St  OOOl 

1  x  io-«  >  00001 
1  X  10"*  *600001 

••  Tb*  ralralathw.  tibmltio— .  ud  plots  w«rc  don*  aoder  tb*  direct 
wymikot  af  Mr.  Roll  Smdberg.  Tb*  final  currw  war*  drawo  and  *ah*d 

by  Mr.  Hrary  Evtmt. 


la  of  time  cteveotioas  are  used  in  tbe  world  today, 
nuoicies  have  00  dock*  aod  measure  or  estimate  time 
t,  tbe  run  aod  scars.  Saudi  Arabia  heaps  run  time  aod  sen  clocks 
each  day  at  rundown.  Moat  countries  keep  ooe  time  throughout 
their  domain.  In  tome  couotries  clock  time  approximates  sun  time 
but  io  other  countries  there  are  area*  io  which  clocks  differ  from 
tbe  luo  time  by  so  bour  or  more.  Since  the  chans  in  this  book  are 
based  on  true  suo  time,  some  explanation  is  oecnsary.  In  the  United 
States,  clock  time  and  sun  time  cao  differ  as  much  a*  two  hours, 
although  tbe  average  difference  is  much  leas. 

Briefly,  tbe  conversion  of  clock  time  to  local  apparent  time 
io  (be  United  States  is  made  as  follows: 

Standard  time  plus  4  minute*  per  dtgree  (bat  a  place  is  east 
of  its  tone  meridian  equals  mtsn  aolar  time, 
or 

Standard  time  minus  4  minutes  per  degree  that  a  place  is  west 
of  its  aooe  meridian  equals  mt*n  solar  time. 

Mean  solar  time  plus  equatioo  of  time*  equals  local  apparent 
time  (true  tun  time). 

Daylight  saving  time  (when  it  is  in  effect)  minus  I  hour  equals 
standard  time. 

*  Equation  of  i im«  may  b*  *uh«r  •  posiu**  or  n«gali**  quantity.  Th* 
quantity  ihould  b*  *dd*d  «lgtbra.<ally,  1. «.,  uung  ih«  appropriate  u$o. 
(So*  wenon  mJed  Equation  of  Tim*.; 


International  Tint*  Zen*  Sy»t*m 

The  IfltmuioMl  Tuh  Zoom  Syetam  U  t  swry  regular  tywtw 
b  idml  fcr  an  ti  im  aod  to  Um  sir.  Hmo  it  is  ustd  by  atvi- 
•  Md  ootukki  mroootpw  tb*  world  am.  Thi*  idwal  rymn 
bi  the  wtfa's  K'fftct  ioto  twenty -four  mow.  Eocb  too*  if 
■l1**  wide  (from  east  to  wwt)  tod  extends  froo  tbe  North 
to  tho  South  Polo.  Tbt  oortb'oouch  center  lioo  of  web  soot 
Ibd  tbo  imvrootMmol  bxm  meridito  of  thee  toot.  Tbt  Inter- 
Tim*  Zoot  Syetem.  u  defined  by  international  agreement, 
pwa  iq  ctbb  2. 

Tbr  fact  that  there  are  other  kinds  of  tiros  cooes  end  other 
tone  mendum  used  on  bW  which  ere  net  slu-syt  the  seme 
ie  regular  international  time  rones  and  meridiatu  used  at  tee 
i  leads  to  some  confusion.  We  shall  attempt  to  clarify  this  issue. 


TABLE  2-  International  time  tones. 
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*  The  msK>r  portion  of  ih«  1 90*  meridian  marks  the  International 
D*i«  Lin*  dividing  ihe  normal  15*  w»de  rone  into  two  peris 
both  he*mg  ih«  sem*  h««f  but  having  different  d«m  'S'eti  of 
ISO*  n  » ill  be  0044  hours  Tuesday  while  east  ol  ISO*  ii  •'ill  be 
0644  hours  Monday.  Each  ol  these  semi  tones  has  •  inter  desig- 
ns;iors  and  an  hour  designation  ol  iis  own:  ihe  hs.l  westward 
of  the  IM’  meridian  is  M  and  —12.  the  h*il  eastward  ol  the 
ISO*  meridian  is  Y  and  *12  The  number  designation  in  a  tone 
•dded  algebraically  <o  ih«  tone  nme  gives  ihe  Greenwich  Standard 
Time  itime  m  lone  7. i.  lor  eaample  \Then  it  :»  0100  hour* 
«l  A-  M  >  m  tone  Y  on  Saturday.  14  August,  it  is  0100  plus  12 
or  l  }0C  hours  m  th*  t  tone  Saturday.  14  August  Ac  ihe  same 
miiani  >c  is  0100  hours  in  tone  M  Sunda>.  1)  August,  then  0100 
hour*  Sunday  m  tone  M  minus  12  hours  also  equals  1)00  hours 
Stiufdav  m  Zone  Z- 

In  order  to  a*o>d  cutting  through  any  land  area,  the  Inter¬ 
national  Date  Line,  their  common  boundary,  does  not  alwaji 
follow  the  190*  meridian  and  is.  therefore,  no:  entirely  regular 
H)drogr*phic  Office  Chart  5192,  although  no*  required  reference 
for  use  *ith  the  Illumination  Charts,  can  be  'try  helpf-.l.  be¬ 
cause  it  eeplair-s  the  time  tone  t>iicm  and  shew*  (he  many 
irregular  shapes  ol  the  tones  throughout  the  world. 


Stondoni  Tin* 

Snodard  diM  ii  tbt  wot  u  ietvroatiooal  tint  at  m  gad  so  tbt 
ti/  btfiuM,  for  purposes  of  navigation,  tbt  two  wj  of  toon  tod 
tbtir  reactive  meridian*  have  bee*  mtdt  identical  However, 
otbtr  standard  dot  toot*  tit  ustd  for  bad  area*  or  trtt*  containing 
group*  of  islands.  which  art  oftto  very  irregular  in  use  tad  tkr^n. 
As  •  result  of  tbt  irregularity.  tbt  ti  cos-rtf  tract  meridian  ssltcttd 
for  s  bad  trtt  is  oftto  •  meridian  otbtr  thtn  that  designated  for  tbt 
international  time  toot  ia  which  tht  bad  trtt  lit*.  Furthermore,  tbt 
st&adtfd  or  Itgtl  tiros  used  in  torot  countries  bu  been  Ustd  on 
tbt  tegmi  or  sttodtrd  (irot  of  ■  otighboring  country  rather  then 
oo  its  own  central  meridian.  In  tuch  case*,  the  standard  meridian 
for  a  country  may  lie  outside  tht  country  altogether. 

lo  tbt  United  States  there  art  four  standard  time  tret*.  Ea-  h 
are*,  although  wry  irregular  in  six*  and  shape,  user  the  international 
toot  meridian  foi  act  standard  time  meridian  (fig.  2)  and  most  of 
etch  area  hea  within  one  of  the  international  zones.  The  standard 
time  zone  meridians  m  the  United  States  are: 

For  Eastern  Standard  Time  the  standard  meridian  is  ?5°  W.  longitude 
For  Central  Standard  Time  tht  staodard  meridian  is  90'  W.  longitude 
For  Mouotam  Standard  Time  the  standard  meridiiQ  is  19V  W. 
longitude 

For  Pacific  Standard  Time  the  staodard  meridian  is  120CW.  longitude 


Figure  2.  Tima  tone*. 

Since  the  U  S.  standard  time  meridiaos  are  15  degrees  apart.  *he 
sun  crosses  successive  meridians  on  successive  hours.  That  is,  the 
sun  reaches  its  high-noon  position  at  on«  mend  an  after  another, 
taking  60  minutes  of  time  to  get  from  one  standard  zone  meridian 
to  the  next  one  to  westward.  Hence,  all  of  the  clocks  m  the  Central 
Standard  Time  area  w  ill  read,  say  5.  while  the  clocks  in  the  Eastern 
Standard  Time  are*  read  6  (one  hour  more),  and  the  ciocks  in 
the  Mountain  Standard  Time  area  read  4  (one  hour  let;). 

Correction  for  longitudo 

Many  of  the  standard  time  rones  of  the  world,  including  three 
of  the  four  in  the  United  States,  are  more  than  1S:  wide,  so  (hat 
it  takes  the  sun  over  an  hour  to  cross  each  of  these  zones.  Since  all 
of  the  clocks  m  any  one  zone  or  area  keep  the  same  time,  one  can 
see  that  only  a  small  percentage  of  the  clocks  keep  mean  sun  time. 
In  the  U.  5.  only  the  clocks  oo  the  standard  time  zone  meridians 
keep  mean  sun  time.  On  that  ptrticuUr  mtndisnt  international 
zone  time,  standard  time,  and  mean  sun  time  are  all  alike.  In  each 
standard  time  area  or  zone,  clocks  to  the  east  are  slow,  or  behind, 
mean  sun  time  and  clocks  to  the  west  are  fast,  or  ahead  of,  mean 
sun  time,  because  when  the  sun  appears  to  rise  to  the  people  living 
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#*  the  daa  sow  otridiifl,  ic  bu  tlnady  bm  up  soot  to 

tbs  people  eea*  of  tbs  neridiao  sod  it  will  b*  mm  tiro*  to  coos 
before  tbs  mo  riaaa  for  tbs  psopls  wbo  lire  wea«  of  tbs  owtidUo- 
for  each  days  of  longitude  that  •  piece  u  ssst  of  tbs  too*  mertd- 
itn,  tbs  casao  aoUr  rims  is  four  minutes  roots  than  tbs  clock.  For 
each  degree  a  pises  is  vat  of  tbs  zoos  meridian,  tbs  amis  tolar 
time  is  4  minutes  slower  than  the  dock. 

For  example:  Chatham.  Massachusetts,  and  Philadelphia  and 
Pittsburgh,  Pennsylvania,  all  lie  in  the  same  standard  time  tone. 
Their  clocks  all  keep  Eastern  Standard  Time.  The  Eastern  Standard 
Time  tone  meridian  is  7s‘  Tr.  ‘noginade.  Tbs  approximate  loogi* 
tudes  of  the  cities  and  corresponding  tiroes  at  one  given  instant 
when  i  t  the  clocks  read  10,  are  as  followr. 


Sun 

Cock  (mean  solar 

(EST)  time) 

C  at  Jiam,  Mass.  ?0°  W  1000  hours  1020  hours 

I'hi  adelphia,  Pa.  75°  W  1000  hours  1000  hours 

•'irburgh.  Pa.  80°  W  1000  boun  0940  hours 


71m  4  minutes  of  time  per  degree  of  loogitude  comes  about 
iu  the  following  way:  tha  rotation  of  the  earth  on  it*  polar  axis 
is  •'or.tpletsd  approximately  one*  every  24  hours.  The  apparent 
cot  ric  of  the  sun  around  the  earth  as  a  whole  —  oot  around  the 
hotisnn,  hut  arounJ  the  earth  —  i»  3&03  ia  24  hours,  which  is  15° 
per  k  ur.  or  1°  every  4  minutes.  Hence  the  tun  travels  relatively 
i  or*1  east  to  west  ■  cross  the  earth's  surface  1®  of  longitude  every 
4  mii.'itcs  cf  time. 


liquation  of  Tim* 

C!"<k-time  schedules  assume  that  (1)  evei,  d«y  starts  the 
monuTt  after  midnight,  with  the  tun  at  its  lowest  point,  (2)  the  sun 
moves  ith  perfect  regularity  around  the  sky  every  day  of  the  year, 
(J)  the  sun  retches  the  highest  point  in  the  sky  at  noon  each  day  by 
the  clock,  sod  (4)  every  day  has  24  hours  of  equal  length.  Actually, 
most  of  these  assumption!  are  not  quite  true.  During  the  course 
of  a  year  s  time,  the  sun  goes  through  four  phases.  r*o  of  slowing 
down  and  rwo  of  speeding  up.  As  a  result  of  this  irregularity,  rhe 
perfect  sun  time  schedule  suffers.  The  tardiness  accumulates  day 
after  day  at  one  season,  to  that  the  true  sun  is  nearly  14  minutes 
behind  its  average  schedule  before  it  gets  back  to  normal.  Then  it 
gets  ahead  by  about  four  minutes,  then  behind  by  six.  then  ahead 
again  by  a  bit  over  16  minutes.  Consequently,  a  perfectly  regular 
clock,  located  on  one  of  the  time-zone  meridians,  will  keep  mean 
solar  time,  but  this  will  differ  from  true  solar  time  by  any  amount 
up  to  16  minutes  during  the  course  of  a  year. 

As  stated  previously,  the  average  or  mem  sun  schedule  gives 
mean  solar  time,  and  most  time  zones  use  (he  mean  solar  time  of 
the  zone  meridians  for  their  zone  time.  To  adjust  for  the  irregu¬ 
lar. ty  in  the  tun’s  schedule,  a  number  of  minutes,  known  at  the 
equatioo  of  time,  is  introduced.  By  definition,  the  equation  of  time 
it  (bat  quaomy  which,  when  added  algebraically  to  mean  solar 
time,  will  give  true  solar  time.  Tbit  quantity  changes  from  day 
to  day  and  may  be  either  nega'ive  or  positive.  When  the  sun  is 
ahead  of  its  average  schedule,  the  equation  of  time  is  positive; 
when  the  son  is  behind  its  average  schedule,  the  equation  of  time 
is  negative.  Values  for  a  mean  year  may  be  read  from  the  appropriate 
curve  in  figure  3.  Values  more  prerise  for  soy  given  year  and  hour 
mav  be  obtained  from  the  current  issue  of  the  American  Nautical 
Almanac  compiled  and  published  by  the  U  S-  Naval  Observatory, 
Vtshingion,  D  C. 
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DECLINATION  OF  SUN  AND  EQUATION  OF  TIME 


DECLINATION 

The  pontioo  of  the  earth  in  la  orbit  imod  the  wan,  and  the 
neultiof  pontioo  of  the  earth's  axis  with  relarioa  to  the  mo,  control 
declination,  which  i*  muund  m  the  oumbcr  of  degrees  the  earth's 
nit  departs  from  •  pUoe  that  is  normal  to  the  wa‘i  direct  nyi 
As  thowo  10  6 jure  4,  oo  21  March  sod  23  September  the  earth's 
axis  is  in  •  plane  normal  to  (be  run's  tajx.  On  these  two  daces  the 
decimal  too  it,  i  be  rtf  o  it,  zero.  As  the  earth  swings  along  its  orbit 
after  each  of  these  dates,  the  axis  decline*  progressively,  so  that 
oo  21  Juoe  and  21  December  matwouin  declinations  of  23-45*  are 
reached 

TJPbco  (be  North  Pole  iodines  toward  the  md,  the  declination 
is  north  sod  is  indicated  as  S  (for  SAMI)  oo  figure  3  and  oo  the 
charts.  When  (he  South  Pole  iodines  coward  (be  sun,  (be  decline* 
tioo  is  south  aod  is  indicated  as  C  (for  CONTRARY).  When  the 
declination  is  the  SAMI  as  the  latitude  in  ooe  hemisphere,  it  is 
CONTRAST  io  the  other.  Summer  occurs  when  tbe  dedication 
sod  latitude  arc  the  SAMI;  winter  occurs  when  tbe  declination  is 
CONTRAST  to  tbe  latitude. 

CCCUMADON  0 


fiput  4.  Earth*  orbit  iraad  con.  ahowiag  pwitioo*  of  euieae  sed 
eisiase  drebosuoa. 

DEFINITIONS 

MERIDIAN;  Tbe  meridian  of  a  place  is  tba  upper  branch  of  a 
great  circle  of  the  earth,  namely  tba  semi -circle  which  joins  the 
poles  and  passes  through  tbe  place,  lo  simplest  terms,  it  is  merely 
the  oortb-iovnb  line  that  passes  through  any  place  oo  tbs  earths 
surface. 

PRIME  MERIDIAN:  The  north-south  lioe  passing  through  tbe 
Royal  Observatory  at  Greenwich,  England.  It  is  used  as  the  0* 
meridian  of  loogmide  and  as  the  basic  meridian  for  redtooiog 
inter  national  zone  time. 

INTERNATIONAL  TIME  ZONE  MERIDIANS :  Tbe  24  meridians 
from  09  to  180°  longitude,  both  east  aod  west  inclusive,  in  eveo 
multiples  of  IS*. 

STANDARD  TIME  ZONE  MERIDIANS;  The  selected  meridian  of 
an  area,  generally  a  land  area  or  tbe  area  closely  snrrouodiog  a 
group  of  islands,  which  meridian  establishes  tbe  standard  time  (clock 
time)  for  that  area. 


INTERNATIONAL  ZONE  TIME:  Time  reckooed  from  tbe  inter¬ 
national  zone  meridian  for  that  eooc;  or  time  reckooed  from  (he 
prime  mendiao  and  tbe  cone  hour  difference.  International  zone 
tunc  and  standard  tone  time  are  tbe  same  when  both  are  applies 
to  one  of  vii*  24  regular  international  time  zones  (see  previous  dis¬ 
cussion  and  able  2). 

STANDARD  TIME:  Time  reckooed  from  any  selected  meridian; 
it  is  generally  tbe  legal  time  to  which  all  clocks  throughout  an 
area  cooform.  Standard  time  is  the  same  as  international  zone  time 
when  toe  selected  staodard  zone  meridian  is  one  of  tbe  intcroatiooti 
time  zone  meridians  aod  tbe  staodard  zooe  boundaries  are  tbs  none 
as  tbe  international  time  zooe  boundaries  of  tbe  particular  zooe. 

TRUE  SUN  TIME:  True  tun  time  aod  apparent  fun  time  are  the 
same  thing  —  (be  time  indicated  by  tbe  motion  of  tbe  suo  each 
day.  The  suo  time  at  a  given  place  is  called  local  apparent  time, 
which  is  the  time  measured  by  a  simple  sun  dieL 

LOCAL  APPARENT  NOON.  Tbe  iostaot  tbe  sun  eroiers  tbe  merid¬ 
ian  of  a  place.  Ac  that  instant  tbe  sun  reaches  its  highest  poiot  in 
tbe  tky  on  soy  given  day. 

MEAN  SOLAR  TIME:  Tbe  average  or  mean  time  of  tbe  true  suo; 
io  other  words,  true  sun  time  minus  tbe  equation  of  time. 

EQUATION  OF  TIME;  Tbe  number  of  minutes  of  difference  be* 
tween  the  true  sun  schedule  and  the  average  sun  schedule  which, 
when  added  algebraically  to  mean  solar  time,  will  give  true  sun 
time.  Tbe  curve  of  the  equation  of  time  (fig.  3)  arms  derived  from 
a  able  compiled  by  the  U.  S.  Navel  Observatory. 

DAYLIGHT  SAVING  TIME:  Zona  time  plus  1  hour. 

HOURS :  Hours  io  this  book  are  counted  in  ooe  series  from  0  to  24. 
beginning  with  midnight,  instead  of  beiog  counted  io  two  12-bour 
series,  ooe  each  for  a.  m.  sod  p.  ax.  Hence,  11:24  a.  m.  is  written  1124, 
or  1124  hours;  1:36  p.  m  is  written  1336,  or  1336  hours. 

LONGITUDE:  Tbe  longitude  of  a  place  is  its  angular  distance 
cast  or  west  of  tbe  prime  meridian,  i  east  or  west  of  longitude  0* 

LATITUDE:  The  latitude  of  a  place  is  io  angular  distance  north 
or  south  of  tbe  equator.  Tbe  equator  is  0*  latitude. 

DECLINATION:  Tbe  a  umber  of  degrees  the  earth's  polar  axis 
departs  from  a  plane  that  is  at  right  angles  to  tbe  rays  of  tbe  sun. 

DIURNAL:  Tbe  apparent  daily  circular  path  of  tbe  sun  ss  seen 
from  any  given  place  on  earth. 

INTERNATIONAL  CANDLE,  formerly  called  the  British  Staodard 
Caadle,  tbe  flame  of  which,  burning  under  certain  conditions,  con¬ 
sumes  120  grams  of  spermaceti  per  bour.  This  candle  is  a  common 
unit  of  light-giving  power.*  An  ordinary  allow  csodle  produces 

#  "The  on  caodle  o*  ctodrl*  (adopted  »o  Great  Briuio  and  io  ibe 
U.  5.  oo  1  jiown  1941)  h  d«£o«d  aj  ooautucdi  of  the  luoiooui  ioikuiit 
of  ooe  K|W1  Ctoboeter  of  the  tarface  of  a  black  body  Cliftbi  r*dia»or) 
at  a  lapmnir*  of  frwtioi  plouoiun,  aod  is  Um  than  two  ptrtroi  lower 
them  the  iateroatkmai  candle.”* 

*R.L  K,  Middiet  oo  V  Wew  Tkrom$k  she  Aimoipbfti  Uoimvry  of 
Toroeui  Press,  191L 


luminous  mip  par  oaii  at  doa  toy  timiiu  to  ihi  from  ia 
1— wriagal  Caadta.  Tba  Ugfai-ftoiaf  value  at  u  oidiai/T  1» 
aadnw  lamp  (elacrric  Ufht  bulb)  a  (ooorally  ydbd  by  ia 


ILLUMINATION  b  (be  dw  prod  Bead  wben  cba  luaiaom  taarjy 
«a  call  ll|b  hlb  apoa  1  mi<ia|  tuba. 

ONE  FOOT  CANOLf  (fc)  a  tba  lumiaau,  caarpy  rocairod  oo  uy 
part  of  a  aurf.ce  par  uait  of  uaa.  wbea  cba  aurfac*  u  ooraaJ  to 
aod  ooa  foot  dlacaot  fro®  a  lipbt  power  lourct  of  ooa  iocaraacioaal 
roadie.  In  tbit  book  cba  feoa  audio  uota  grno  oo  cba  plant  rafar 
to  cba  iUuatoaciog  adact  of  na rural  tUumioactoo  tacaivad  oo  a 
fully  aapoaad  bcntomul  curfacu  (bg.  7). 

CIVIL  TWILIGHT.  lllucDituctoo,  iadapaodaot  of  tba  awoe.  which 
rangas  on  aaaraga  clear  oigbo  from  4  1  tc  to  5- 16  X  10~ *  fc,  when 
cba  oaotar  of  cba  tuo't  diac  raogat  f root  —04’  to  — <*. 

NAUTICAL  TWIUGHT:  lUiumoacioo,  iadapaodaot  of  cba  aoon, 
which  raogat  oo  aaaraga  claar  oigba  barwaao  42  fc  tod  7.7  X  10*4 
fc  wbao  cba  caotar  of  tba  tuo't  due  it  barwaao  -04*  aad  —12*. 

ASTRONOMICAL  TWILIGHT.-  lllumiaation,  iadapaodaot  of  tba 
(0000.  which  raogat  on  avartga  claar  oigbu  barwaao  42  fc  aod 
6.07  X  10"  ‘  fc,  wbao  cba  caotar  of  cba  tuo’t  due  it  borwrao  —04* 
aod  -U*.  .  - - 
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FifvAb  5-  D*ri*«uo«  el  tk«  fonuta4k  as  • 
•mk  oi  UleAieeciM.  If  F,  «o4  f,  in  r»o 
poidiu  mi  the  ieaer  tmHua  o4  •  urtioe  o4  t 
wWm  o 4  I  fool  rtdiw  e*4  ui  mb  I  foot 
Miui  irvm  •  tafwlbfd  utdU  ti  iKg  reefer 
of  the  ipher*.  the  lueifmi  eeeffY  »er  unu 
um  mod  pel  eon  vet  receded  »(  nek  pwsi 
h  I  footca/tdU. 


Ts wiUgkt  levels  her*  been  rkfitwl  io  ebb  book  u  chow  light 
iaucttitiM  accompanying  Um  ranges  io  tba  no  t  kpngion  which 
dafi m  Um  chraa  twilight  toons  Tba  upper  limit  of  til  tbrea  non 
b  sunrise  or  mnerr.  for  which  the  ®Ur  daprvmsoo  of  Um  tun  (Um 
motor  of  tht  nt'i  4  be)  b  OJ*.  Tbo  low  Unit  of  so  Ur  deyraasioo 
for  civil  twilight  b  6*  (—6*  altitude).  Tht  low  limit  of  toltr  da- 
pwbo  for  aeuikel  twilight  b  12*  (->12*  altitude).  Tht  low  limit 
of  depression  for  astrooomical  twilight  b  II*  (  —  11*  altitude). 

Moonlight  may  arbitrarily  bv  cooiulirtd  from  tht  condition 
wheo  Um  quarter  moon  b  approiimatoly  129  shove  the  horizon  to 
the  condition  «heo  the  foil  moon  is  sc  «  smith.  Tbit  gives  ui 
t  raoge  btnrsto  I  X  10"*  tod  3.4  X  10'*  fc. 

Starlight  is.  properly  speaking,  the  nog*  io  light  levels  between 
3  X  10**  tod  shout  1  X  10**  fc  although  some  sun  or  pUoeu  car* 
frequently  be  seeo  right  up  to  the  point  of  etA/bt. 

Table  3  b  n  rough  summery  for  reference. 

TABU  3. 

Summery  of  illumination  levels.  See  tbo  figure  6. 
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ILLUMINATION  LEVELS 

Nature)  illumination  oe  tht  earth's  surface  for  dear  days  aod 
nights  txttods  roughly  from  11,500  fc  to  3  X  10“ *  fc.## 

Daylight  properly  extends  from  the  rime  of  suorise  to  sunset, 
each  of  which  gives  us  42  fc,  through  the  seoiib  sun,  r/bicb  aver¬ 
ages  roughly  11,300  fc 

Sanritt  mod  Swift  are,  by  definition,  tba  ioiuat  when  tht  tup 
or  "upper  limb"  of  the  sun's  disc  *pp*m  oo  the  horizon.  Since  the 
charts  are  based  oo  the  true  position  of  the  crater  of  'be  sun's  disc, 
an  allowance  of  16  minutes  of  sre  has  been  made  lot  the  angle 
between  the  upper  limb  sod  the  center  of  tba  sun's  disc,  sod  an 
allowance  of  34  minutes  of  tre  has  been  made  to  campanula  for 
refnrtioo,  which  causes  the  up,*r  limb  to  appear  above  ns  true 
position.  Thus,  i  soul  of  —30  minutes  of  ire  oi  —O  S"  solar  alti¬ 
tude,  marks  the  true  position  of  the  center  of  the  sun  s  disc  at  the 
instant  of  suoriM  or  turner.  From  table  1  or  6gu*t  6,  the  illumination 
coirespoodiog  to  —0  8*  is  fouod  io  he  42  fc. 


Supplementary  Illumination  Curve*  for 
Cloud  and  Moonlight  Condition* 

The  basic  curve  of  illumination  u  a  function  of  solar  iliUuUt 
(6|*  1)  gives  values  for  clear  weather,  independent  of  moonlight. 
In  figure  6  the  basic  curve  is  repealed,  labeled  uoobacured  iub," 
sod  rvo  auzilisry  illumination  curves  for  averega  and  extreme  cloud 
conditions  are  given  for  purposes  of  comparison 

Figure  6  also  shows  the  illumioatioo  for  reriuus  phases  aod 
altitude*  of  ibe  moon,  independent  of  other  natural  light  source* 
The  scales  and  uolts  art  tba  same  as  those  given  for  (be  euo. 

Low  lovoli  of  Illumination 

Low  levels  of  illumination  are  very  difficult  to  vnualire.  Take, 
for  example,  the  low  limit  of  nautical  rwilighL  By  definition,  (bis 

••  Tbs  veleas  for  UJeeuesilos  prsseppess  da/  weeihar. 
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Ann  rtf  dm  art  k  U*  bniow  the  boruon.  Acxordieg  *0  mb* 

1  aad  igwt*  d«  rho  currmpo.dla,  ‘—‘'i'* 

•  x  10*.  Moot  k  k  marnwhat  aaaiar  0  afaaUiatow  l«**b  *• 
iutK  |a  m*  <d  mooollght.  Ul  0  0*k*  •  nuoipartan* 

^jfjUtbf  klX  10-  k  k  mptiraket  to  tha  illttoti— tlo*  1*0 

•  full  taooo  which  k  tpproxlmawly  J  t**""  •**'"  *•  k°r*’®' 

Th.  (onto.!.*.  «<  0«^i^>«  “T  •»  oic»U»d  "1“““ 

Um,  cb.  light  Iran  tb*  lull  moo*.  *1  »  *i™>  <»“•  “> 

tba  light  Itom  tb#  «ue  *«  tb#  00*  *Wtud«.  Thk  ratio  It  nugUr 

5  "li'^d^Ttbaa.  to  alcuUtt  tb*  altitude  oi  tha  lull  aooo  lot  a 
givaa  value  ol  lilumloarloo.  .ba  procaduca  k  “ 
iba  givao  velu#  nl  illumination  (root  (ha  awoo  b r  1,000,000  divklad 
br  }  U>  obtaio  (ha  light  which  would  coma  In 0  (h »  Ota  «  tba 
ut  altitude.  Thao,  lo  table  l.  lot*  up  (ha  altitude  lot  tba  tua 
which  tint  (bat  illumtaadoa.  Tbit  mm*  altinala  tpphat  “  ,ul1 
mooa  which  wiU  tbed  tha  giv«  <*!«*  ol  light,  tot  aumpki 

Cimai  *0  lUumlaatin*  value  ol  0.0000  Ic  Tba* 

1/100.000  ■+■  3  X  0.0000  tt  367  Ic  from  tab!*  1.  «  4"d 
that  tolar  tltituda  cortatpoodiog  «>  W  ,c  •<IU*U  J" 
Hmoi«  tb*  lull  nooo  tt  dcicud*  J*  tbod  0.000$  Ic 


Altar  (h*  above  calculating  procadur*  wm  aatablithad.  cunraa 
.jvlog  tb*  lllumloatloo  at  *  (uocimo  ol  lunar  tltitudat  w.r*  COfl- 
nniccwl  tod  tta  tbowo  oo  6gu«  6.  lo  «oet~e.i.|  *"* 
tutv*A  tbt  ratio  ol  3  to  I.OOOXWO  amt  mad.  togathar  with  tb*  graph 

^|V"  To^fl^t^toothar  idea  ol  what  00008  l<  .1  Ilka,  **  C*«  «7  'h*< 
tbit  light  obtaiat  o*  tba  grouad  around  “«  «h*o  •  *h"' 

Pham  taglt  U  »*  ‘a«d  wblth  '°  *"  *l‘n"‘  lulL  9^4  f*! 

J, i,  6*  about  tha  barium  tod  tha  too  wall  b*lo«.  roughly  *4  . 
Tbit  cao  b*  talculatad  la  t  maooar  tlmiltr  to  tb*  above  •<“*  by 
raltrtoc*  to  Rutmll  t  cur.*,  which  tbowt  that  t  moon  ol  plum 
tngla  )•*  thadt  juat  hall  at  much  light  tt  t  lull  moo*. 

1  Although  ivartf*  inflight  it  gtoarall,  ragardad  it  High. If 
10,  thao  0001  Ic.  tha  quantity  ol  0  0006  Ic  ..  oo.  «*'ly  parc.p.tbl. 

„  non  than  tyarag*  ttarllght.  It  U.  howt.tr.  .ary  much  Uw  tbtn 
Wt  gtot rally  iblok  ol  at  *»*f*g*  moonlight  In  iht  !»•  •**•>•  ° 
illumination,  avtn  tbt  dtrh  tdtptad  ay*  Ctnno.  d.t.mgu.th  between 
i  x  in-*  tnd  I  A  lo- but  it  can  p»i<*i.a  ‘he  diSersnce  in  nn. 
Jl  lot  rye...  my  btm*  »  X  10-  and  J  X  I0-.  H.nc.  on. 
May  bt  abl*  to  parc.i.t  tha  dlOtr.oc*  batwmn  low  ttarllght  a. 

3  X  1Q“#  *0*1  •  X  10“  a  a 

On  moon  lam  nlgbu  th*  thy  tod  t.trt  contribut.  moti  ol  tbi 
Illumination  tnctd.n.  on  a  lully  a.powd  hor.ton.tl  tu.lu.  whan 
,b.  tun  I.  btrwmn  -»0*  and  about  -  II  S’.  Them  eohtor.  ho....r 
to  low  that  *.*n  t  young  moon  ol  pham  anglt i  130  get  10 
„m«  u  much  light  whtn  it  rntcbm  to  tltituda  ol  23  at  iron  tnd 
Uy  do  Without  It-  Th.  ma.tmum  illumint.ion  Irom  .hit  young 
moon  lt  about  1-24  X  10  Ic. 

Tbt  moon  iht<  looht  half  lull  -  ibtt  It,  iht  moon  that  appttti 
hall  a  dim— it  called  iht  6rtt  ot  ibifd  quitter.  Such  a  moon 
it  tlto  dttenbad  tt  ht.iog  t  pham  toglc  ol  90*.  Thu  moot!  bringt 

th.  nigh,  light  Into  th.  Mtronomica,  twi.lght  urn.  btlot.  i.  rruh., 

IC  above  ib.  hot, ton.  A.  6',’  u  g'*«  u.  aboui  ).l  X  10  . 

ajiktu'T)  it  *bou(  4  X  10  /c. 


Thm  mooa  ol  pham  uiU  60#  (**4  •ppntinf  about  tbrti* 

-  MX.®-  ic ..  «• 

^Tbogl.  o'  |iw  U.  .bout  J  X  10-  k  tt  «  altitude.  Tha 
^uowmUliUbkmttoo  Irtxn  a  Ml  moo*  a.  tha  mtuth  it  tpproai- 
mataiy  3.44  X  I0-*  Ic.  li  thou  Id  ba  ootad  that  wbaa  tba  «oon,t 
Ml  (pham  angle  mrel  aad  oaly  a  law  dagram  thm  tha  hnritoo, 
tba  wfo  It  appraxi mataiy  th*  mm*  la*  dagrm  bate-  tb*  hor.tcrL 
Twilight,  bacaum  ol  until  dapmation  anglat  ol  tba  tun,  mutt  ba 
Bhao'iato  aecouot  whan  OO*  cotuidart  tb#  hghtlmm  any  low 
altltud*  ol  taooo  whom  pham  angk  tt  tmalL  Tha  tllum.Mtmn 
lad  lea  wd  on  th*  moonlight  evr^a  ol  Sgut*  6  u  ladaptotkot  ol  tha 
^oTloluanc*  *«i  thould  tharalom  b*  added  to  it  »ba*  moool.gh. 
aad  rwlllgbi  occur  at  tba  mma  tima. 

It  tbould  ba  kapt  lo  mind  that  wbao  **  tpoalt  ol  .llum.natmn 
laUlog  oo  a  lully  rapoaad  bor  tooul  turlaoa  at  •  gi.ao  plac*  ** 
r  iTw-Tod  1U«L  JtoT  or  ta  tb.  light  condition,  *•  «•  « 
r*l«rin,  »  tba  hugbtoam  oi  th.  *y.  Actually.  " 

(ioo  i»  aOOM  Ic  by  ib*  turn  aad  pUc*  «  w<  ^  b**° 

^.og^od.  ihtralor*.  th.  ruo  u  12‘  halo.  th.  •»..»*.  «ha 
gmacaat  parcaptibl*  dlf.raoc*  «  datact  it  oo.  lo  tha  mcr*^ 
Loam  oUlgh.  oo  dm  ground  or  —  around  ut.  but  to  th#  ^ vu*bly 
aaataro  *y.  1.  «ha  “d-d  of  o.^tf  th.  Karli.  *y  00, 
cbt'borUDO  U  roughly  5  X  10-  loot-kmb.it.  By  th*  lit-  th. 
^  £Tir  balo*.  lb.  aattmo  *y  may  b.  7  X  10-  loot-Utnban 
or  moro.  Tha  brlghtaoing  ol  th*  0«*ro  thy  Can  b.  parcmrol  k»g 
btfora  4  y  10-'  looUamban  It  rwacbml  «4.  tbaralotw  balor,  >h* 
-T-  lu  ro  -13*.  Tot  example.  When  .bar.  U  a  tu,l~*  haw 
am  oT^.a*  a  lair  amount  ol  moleruie  In  tb*  air.  a  loohout  whom 
“  J,“.ll  adapted  to  tb.  'd.,1.  ol  eight"  cao  dlkmguuh  a 
(latrly  ptroaptibl.  et.ghmoing  to  th.  mtrat'd. 
wbao'th*  mu>  it  IB*  to  23*  balow  tb*  bonaon.  At  luch 
ri-lTu  only  6  X  .0-  »  4  X  10- 
0lum  era  imparcopi.bl.  I«m  )  X  10'*  Ic  but  tb.  —am  *7 
brlgbtoam  baa  inemmd  quit*  perceptibly- 


Sunlight  and  Skylight 

Oo  to  ...rag.  n».  dty  wbaa  the  .ofl  iUum.nttioo  k  my. 
lo  tb.  Mighbothood  ol  7000  Ic,  roughly  1000  Ic  i,  roe...*  d.llumly 
from  cb*  fkr  *od  6000  Ic  dimccly  from  <*>•  ain.  Kowmr.  si  c 
*y  bJc^  ™mp..«ly  ovtrcatt,  with  ih.  illumi«..o.  W..I  drop- 
ping  my.  to  4«XJ  Ic,  tbit  light  may  be  on).d.md  tuolljh.  tn.ir.ly. 
Oo'h.  0b..  band,  no  rx,r.m.ly  dmr.  dry  day.  >h*  f-  < >«  “■ ^«bl 
to  altyllgbt  ol  10  w  I  or  ol  U  »  l  •«  oo.  uocommoo.  Like  M. 
u  OM  ttc.cdt  Irom  ma  levtl  liba  place  lot  which  tb.  6gur«  to  tbit 
book  apply)  to  higher  and  bi|b«  .l.itudm  tb*  rt.m  ol  tuoltghi 
to  tkylMi t^  imrmaat  markedly.  Complete  Sguroa  er*  oot  yat  ave.l- 
rorbu.  «m«roomo<  mate  tt  24.000  Imt  oo  a  cl«,  day 
Uiowad  tb*  ratio  ol  tb*  ivoligb.  to  tht  tkyllght  l.lllog  oo  a  borl 
toottl  plana  to  b*  approximately  24  to  I. _ _ _ _ 


•  H.N. 
pgyiWW  Ittrool 


_ 'IcrUar  ktrmtudm  <d  hie.  M»«.  eed  f'***»'  Altra- 

V.L  4».  Merck  1*16.  p-  "7. 
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SO  MI  ItUUES  FOR  CALCULATING  THE  MAXIMUM 
AND  MINIMUM  AITITUOI  Of  TH*  SUN 


Outside  of  the  eropira,  the  dedlnatioo  aw  nnd  wif 
IceJJy  the  laiiiuda.  Therefore.  tbe  anima  or  minimum  aolar 
altitude  for  hit  given  do y  aod  fivea  latitude  of  son  (boa  23  3' 
<ao  bo  colculoiad  very  aiaoply  or  f odowa: 

RULE  t.  ttoaimum  ooiar  oktaado  eqwds  90*  oJjnu  latitude  pi  or 
declination  for  aooa  of  dial  day. 

RULE  2.  Minimum  aolor  olcjnadr  equals  —90*  plua  latitude  ploa 
dedicating  for  asidfligU  of  that  day. 

Example  1.  Given:  32*  N  latitude*,  21  May;  dediaatsoa  20*  L 
Maximum  aolor  altitude  a  90  —  32  +  20  =:  71* 

Eaampla  2.  Given:  32*  N  latitude*.  21  May;  decimation  20*  L 
Minimum  alar  aliiiiada  a  —90  +  32  +  20  =  —31* 

loud*  tba  inyla  tba  declination  oay  exceed  Uaa  latinada  aad 
have  tiaa  aaa  algo  f  or  cooirary  sign  C 

RULE  3.  When  dadioaiioo  f  cxcaadr  iba  latitude.  maximum  alti¬ 
tude  equals  90*  plus  ladnada  mioiaa  dadioaiioo  t. 

RULE  4.  Wban  both  dadioaiioo  aod  uuicuda  art  ibc  ami,  whether 
tba  dadioaiioo  area  aria  latitude  or  not.  oiiaiimuB  aitinadr 
aquala  —90*  plua  laiitudr  plua  declination. 

RULE  3.  Wban  tba  dadioaiioo  ia  contrary  to  tba  latiiada.  whether 
it  exceeds  tba  laiiiuda  or  001.  mavitmim  altliuda  aquala 
90*  oalout  tba  laiiiuda  minus  tba  declination 

RULE  6.  Wbao  tba  dadioaiioo  axoauda  tba  laiiiuda,  with  dadina- 
tioo  C,  tba  minimum  altliuda  aquala  —90*  minus  tba 
laiiiuda  plua  tba  dadioaiioo. 

Eaaoipla  3-  Dadioaiioo  auan  noaadio|  tba  laiiiuda. 

Givao:  13*  N  latitude;  dadioaiioo  20*  I. 

Masimum  aolar  altliuda  =  90  -f  13  —  20  =  13* 

Example  4.  Dadioaiioo  sent. 

Givao:  13*  N  laiiiuda;  dadioaiioo  20*  S 
Minimum  aolar  dtituda  =  —90  +  13  +  20  =  —35* 

taampla  3.  Dadioaiioo  cooirary  to  laiiiuda. 

Givao:  13*  N  laiiiuda;  dadioaiioo  20*  C 
Maximum  aolar  altliuda  =  90  —  13  —  20  =  35* 

Example  6.  Dadioaiioo  cooirary  to  and  excaadiof  tba  laiituda. 
Givao:  13’  N  laiiiuda;  dadioaiioo  20*  C 
Minimum  aolar  altliuda  —90  —  13  +  20  =  — #5’ 

i  ]  luminal  loo  values  corresponding  to  maximum  aod  minimum 
aolar  aiiiiuda  cao  ba  fouod  io  tabia  I,  ibua  giving  tba  miaow 
light  rang*  for  aoy  day  ai  aoy  placa  quiia  aajtly.  For  raampla,  in 
ua  taka  tba  midaummtr  day  wiib  dadioaiioo  23.3*  S  for  four  places. 
(Saa  tabia  4  below.) 
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TABLE  4.  hfialnxim  aod  minimum  aolar  alticudar  acd  illumine- 
boo  lavala  io  midmouoar. 


PUrt 

SoUr  AIuahW  <d«fr««) 

Herts  Pda  tWN) 

Mas  •  *>  -90  +  13.3*  x  23  3' 

Elia  sc  —90  +30  +2J.3'  x  23.3' 

)145 

3145 

Latitude  73*N 

Max  z  9 0  -7*  +  2)  5  a  )4V 

Mia  a  -90  -f  75  +  2)  5  *  U* 

>9)0 

*2) 

L mMe  aO*N 

Max  a  90  —40  +  2)  5  7)  5* 

Mia  =  -90  +  40  +  2).)  -  -245* 

10.760 

M  X  10-» 

Xqeaser  (0*N) 

Mas  -90  +  0-  23. 3  x44.3* 

Kia  x  -»  +  0  +  23-5  =  —44.3* 

10,150 

u  x  to-* 

GENERAL  PROCEDURE  FOR  USE  OF  THE  CHARTS 

To  Eod  tba  light  value  lot  aoy  givao  time  aod  place*. 

1.  Look  up  tba  Ulinada  aod  longitude  of  tbe  placa  from  a  map 
or  chart. 

2.  Look  up  dadioaiioo  aod  the  aquation  of  lima  for  ibc  dart 
ia  quenioo  (from  Eg  3). 

3-  Convert  Handled  lima  (alio  called  dock  time)  to  local 
apparent  time  (alto  called  true  aua  time),  making  cur  ran  ion 
for  both  loo gi rude  and  aquation  of  time  at  aap’aiaad  above. 

4.  Select  tba  plate  for  the  Latitude  io  qua* too  and.  wing  tba 
appropriate  dadioaiioo  cum.  read  tba  illumination  cor- 
raapoodiog  to  tba  local  apparent  time;  or.  aa!act  tba  plate 
for  tbe  appropriate  declination  aod.  oo  tba  hour  curve  for 
tba  local  apparent  time,  read  tbe  illumination  value  corre¬ 
sponding  to  tba  given  Latitude. 

Tba  them  ue  constructed  to  about  tbe  illumioatioo  corterpood- 
ing  u>  tbe  altitude  of  tba  true  auo  at  a  given  locality.  In  place  of 
a  aolar  altitude  acaie.  however,  we  have  provided  to  bout  scale 
aod  called  it  local  apparent  time.  Since  only  tun  diala  measure  local 
apparent  time,  it  becomea  oecemery  to  convert  dock  time  to  local 
apparent  time  before  entering  (be  chart!  to  End  tba  illumioasion 

Tba  Latitude  Saties  of  platrs  (l  through  17)  praaenrs  mean 
illumioatioo  velum  throughout  tba  year  at  individual  latitudes. 
Each  pLata  in  this  series  applies  to  a  givao  latitude  at  shown  io 
tba  Urge  numeral  at  tba  upper  right  corner  of  the  plate.  Each  plait 
coo  carol  a  family  o  I  curves,  teeb  curve  repreaeociog  a  given  day  of 
any  yaw  when  tba  deciioatioo  of  tba  sun  it  a a  indicated  oo  tba  curve. 
Curvea  are  naked  with  12*  C,  6*  S.  0*.  6*  C  12*  C,  etc.,  to  Indicate 
deciioatioo  SAMI  or  dadioaiioo  CONTRARY.  Io  tbia  Latitude  Strna 
tba  iUuminatioo  It  plotted  continuously  as  e  function  of  time  from 
midnight  to  noon  aod  applies  conversely  from  oooo  to  midnight  as 
indicated  oo  tbe  time  scale. 


Tba  Dsdhaarion  Series  (phii  II  through  4))  pie  mutt  maan 
nka  a f  lllulmliil  throaghout  the  world  an  lajfridiil  day*. 
Back  pal t  of  these  data  oppUa*  m  chose  days  of  tbe  year  oka 
tba  dacllnarino  b  at  indhosad  br  tba  large  nail  at  the  top  outride 
ana  of  each  plaa.  lack  plan  aaila  a  fully  of  (m  aack 
cum  wpnaailn  a  given  boor  of  tha  day.  Tba  tllaninsrlou  U 
pioond  continuously  aa  a  fuoctioa  of  latituda  fna  pota  to  pola. 
Tha  laft  baad  abases,  merited  CONIIAIY,  npraaeni  tba  southern 
ktakylan  whoa  tka  daclloatloo  b  oortb  tod  lupiaaaui  tba  aortbem 
bombpbere  wbao  tha  dad  loot  Ion  b  south.  Tba  right  hand  thaata. 
marked  I  AMI,  lupraaaot  tba  ooctkata  hemisphere  when  the  dadioa- 
tloa  b  oortb  aod  tapraaant  tba  aouebam  bambpbrre  vbao  tka 
dacliaaiioo  it  south. 


Examplt  1 

Tba  altopiaat  ample  foe  hading  tba  iUuaaloatloo  b  ooa  which 
aaada  oo  tints  corroctloo  or  interpolation. 

PROBLEM:  PM  tie  amp  iff— riuriaa  front  mm  and  thy  imti- 
dtmi  tm  a  fmU-  mxpm ltd,  apmvaaf  pfaaa  tarfaca  at  a 
p«n  plate  M  baa*. 

Giron:  Plata,  75*  mat  longitude 
40*  north  latitude 
Tima.  0900,  15  April 

1.  Look  up  dacliaaiioo  (kg.  3):  Approximately  10*  north. 

2.  Look  up  equation  of  tiina  (kg.  5):  0. 

3.  Since  tba  loogicuda  of  tbb  plata  b  in  tba  caoaat  of  tba  tuna 
toon,  (oo  tha  tooa  meridian)  than  it  oo  ooad  to  correct  from  aooc 
(clock)  time  to  moan  run  time  —  In  tbb  oaaa  ebay  era  tba  tame. 

4.  Since  lot  tba  girao  data  tba  equation  of  time  La  aero,  there 
la  oo  oead  to  correct  lot  irregularity  in  tba  auo'a  tcbadule. 

3.  It  it  peer  tarry ,  therefore,  only  an  refer  to  tba  curre  for- 10* 
declination,  latitude  SAME  (plate  29),  and  note  rebate  tba  0900- hour 
cum  croaee i  tba  40*  latitude  Una.  Tba  valua  of  illumination,  aa 
given  in  tba  rental  talc  it  the  tide  of  tbe  chart,  b  6.1  X  10*  or 
6100  Ic  Or.  we  could  knd  tbe  ata  thing  on  tba  chart  for  latitude 
40*  (plate  7)  by  uaiog  tba  10*  S  dedioatioo  curve  extended  (or  by 
interpolating  bare, ecu  tba  6*  aod  12'  dedioatioo  curvet)  where  it 
crown  tbe  0900- hour  line.  In  either  cate  the  illumination  may  be 
read  aa  approximately  6100  fc. 
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Example  2 

Frequently  it  ia  desirable  to  gat  only  a  rough  aorevef  to  a 
quaatloo 

PROBLEM:  Wise  it  lb*  iUmfnmM  M  WmUmgtmm,  D  C.  ml 

1000  beam  EJT  an  II  Anftat. 

1.  Proa  a  map  Washington's  latiruda  b  mao  to  ba  roughly 
40*  north. 

I  Proa  kgoro  3.  tba  darlliwrinn  for  11  Auguat  ia  man  to  bo 
roughly  13*  north  (that  ia,  13*  SAMI  aa  latituda). 

3.  Refer  to  place  7  (latituda  40*).  Tba  rwo  oearaat  appropriate 
dedioatioo  cuma  that  croaa  tbe  10  o'clock  lioa  are  12*  t  and  23.5  S. 
By  inspection,  tba  Uiug.i  nation  it  aaen  to  be  roughly  barweeo  1000 
aad  9000  fc 

4.  A  aacood  ample  approach  b  poaaibla  Look  up  tba  chart  for 
14*  declination,  latituda  SAMI  (plata  33).  Tba  1000- hour  cum 
eroaaai  tba  40*  latituda  lioa  at  roughly  1500  fc  Plata  33  (drcluu- 
tioo  16*  latituda  SAMI)  ahom  roughly  1700  ic  llluminaiioo  for  13* 
would  then  ba  roughly  1600  fc 

la  tba  fora  go  Log  aolutlooa  m  example  2,  Eastern  Standard  Tima 
only  war  used.  Tbb  procedure  b  not  eery  accurate  tinea  tba  EST 
xo oo  covert  too  broad  aa  am  to  ba  ia  koapieg  with  tba  avaraga 
movement  of  the  tun  relative  to  tbe  beriaoo.  It  it  barter  to  comet 
Eaatern  Standard  Tima  for  long, rude  at  tba  given  plea  and  for 
tba  iriwgularitiaa  in  the  tun't  average  acbadula  and  knd  a  more 
accurate  solution,  aa  followa. 

1.  Look  op  latitude  and  longitude  to  tba  naaraat  degree  for 
Washington,  D  C:  39*N,  77*W. 

2.  Datarmiaa  dacllnatioo  to  tka  oaaretr  tenth  of  a  degree  (kg  3): 
13.3*  north. 

3.  Look  up  equation  of  time  lot  II  Auguat  to  tbe  aeajuet  min- 
““  <*•-  3):  —3  minutes. 

4-  Compute  longitude  correction  for  time  didemace  to  cooven 
EST  at  moan  tolar  time  at  w aldington.  D.  C 

77*  W  s  (loogicuda  of  Waakiagton.  D.  C) 

73*  W  =  (longitude  of  EST  tooa  meridian) 

2* 

4  ainucaa  par  dagm 
1  mioutaa  of  tioaa 

1000  hour*  EST 

— 1  miautaa  I  subtract  beexuaa  Waahingtoo  b  weat  of  moa 
meridian) 

0932  boun  mean  tolar  tima  at  Waahingtoo.  D.  C 

3.  Correct  for  Irregular  run  ichadula  by  converting  mean  tolar 
tima  to  true  tun  lima  for  tba  day  ia  quertton,  II  August. 

0952  hour i  moan  tolar  tima 
—  3  miautaa  aquation  of  time  for  1 1  Auguat 

0947  boun  uua  tun  tima 

6.  Tba  chart  lot  14*  decline (ioe,  latituda  SAMI  (pbte  33). 

thowt  illumination  values  IS  follow*. 

1400  fc  at  1000  boun 

6700  fc  at  0900  boun 

1700  fc  dikereoca.  By  interpolation  <47/60  X  1700)  +  6700, 
era  arrive  at  1030  fc  for  0947  boun,  dacliaaiioo  14*. 


7.  TUm  37.  da  chart  (or  16*  dadloa dan.  Ineimde  SAM*,  pa 
ill  imlw'nr  aba  a  bUoa: 

•700  fc  at  1000  boat* 

7000  Ic  a  0900  boon 
1700  ft  <11— a 

Again  br  biarpobrba  we  adtnlate  1)30  It  (or  0947  boo a.  dadian- 
lid*  16*  latitude  SAME. 

L  Honor,  13.3*  a  da  accurate  tevroga  declination  for  11 
Auguar,  tbndoit 


W) 


x  (*SS0-*030)  +  *030  =  S2J7  fc 


Tb«  dlEerooca  bnww  MOO  »c  obtained  by  the  tm  rough 
i M  aid  tba  (713  fc  obtained  br  da  son  accurate  procedure 


it  ax  ligmhcant  —  4  ptf  car  ia  thia  out  Howl,  ia  oaar  «da» 
oa  ib  didereoce  of  13  —I**1***  of  da*  will  taka  >  big  didtroara 
is  Ulumimboo.  At  duo  aaa  Utiroda  tad  Miaaba  u  u  axlitt 
boar,  ay  atoned  0600  bourn,  I)  aiaiua  would  ab  da  aigalicaat 
didanoca  bttwaa  700  It  tod  1000  fc  Jat  beioct  0700  boon  dart 


would  tu  u  rrta  more  gotkwbb  diltrart  o l  bama  4  It  tad 


33  Ic 

It  ia  )wa  a  wall,  tbtnfnn,  to  leapaa  da  cunt  bnforo  accepting 
a  rough  wtimata  which  any  b*  ol  br  a  factor  of  10  or  won  Ot  da 
ocba  b.~t-  impaction  of  nthar  oat  of  tba  pitta,  3)  or  33.  will 
allow  bat  (bar*  ia  a  ary  Halt  diltraoct  borwaao  tba  illumination 
for  40*  Utiroda  tad  dal  for  39*  Utiroda  around  10  o'clock.  Plata  7 
abowt  to  area  aligbret  lac fit  ia  iUumiottioo  latwoco  13*  tad 
13.3*  dadlaatioa.  Haact,  tba  raEnemeoi  U  really  a  waata  of  data 


Example  3 

PROBLEM:  Find  l*t  lift/  rafur  at  0340  hourt  Pot iftt  Suodord 
Titm,  to  16  lorn  at  Jaw  Diego,  Caii/orwia. 

1,  See  Diago:  Latituda  31-7*  N;  Longitude  117.3*  W. 

2.  Dadlaatioa  oo  1<  Juoe:  13*  oorth. 

).  Equation  of  data  oo  16  |uaa:  -1  mlaute. 

4.  Coovrn  ataadatd  dm  to  local  apparent  triat. 

0340  boon  PST 
—  I  miauia  (aquae ioo  of  time) 

0339  boura 

110*  aooa  meridian 
117.3*  Saa  Diago  loogituda 

~n  • 

1.7*  X  4  aioutaa  pat  dag tot  —  1 1  mloutee. 


A- J. 


Siaca  Saa  Diago  it  aaat  of  tba  aoaa  meridian,  tba  iiat  will  ba  latar, 
accaadiog  to  tba  aaa.  at  Saa  Diago,  tbaa  at  tba  aooa  meridian. 
Therefore,  tba  1!  miauaaa  will  ba  addad,  tod  local  appataat  time 
will  ba 

0339  +  11  at  0370  boon. 

7.  Utiag  tba  30*  latitude  chart  (plata  3)  aataci  tba  dadlaatioa 
curve  for  1).3*  S,  which  firm,  for  0330.  illumination  of  3  7  X 
10-*  fc 

6.  Uaiag  tba  33*  latituda  chart  (plata  6),  toad  frota  tba  13,3*  S 
curve  tba  illumination  ralua  for  d370,  which  it  3-S  X  IQ-*  fc 

7.  By  graphic  interpolation,  calculau  tba  Uluminatloo  far  lad- 
rode  31*  tad  dma  0370,  aa  S  X  10'*  fc  or  (LOOM  fc 

t.  Aa  a  check,  oaa  tba  13-3*  dadlaatioa  chart,  latitude  SAMI 
(place  43).  Tba  0300  curt*  at  31.7*  Utiroda  gfaea  3  X  10'*  fc  Tba 
0400  curve  givua  4  X  10'*.  By  interpolation,  wo  celcuUte  tha  ilium  i- 
aatioa  for  0330  at  31.7*  to  ba  I  X  10—  oa  QlOOM  fc 

By  rofanaca  to  table  1,  wa  hod  tba  to  Ur  altitude  for 
t  X  10”*  fc  b  approximately  —12*.  that  it,  about  12*  below  tba 
bariaao.  ThU  by  definition,  ia  tba  beginning  of  nautical  twilight. 
For  mote  txtentiie  HI  tenet  ion  of  low  Urola  of  illumination,  aaa  page 
5. 


Ixompla  4 

PROBLEM:  Pfmd  ibt  average  vefee  of  ik*  oolorol  UltomdooJioo 
than  ehtafat  aa  0600  boon  bo  Foot  boo,  Chim,  to  2) 
Drrraahar. 

Look  op  tba  approximate  latituda  and  loogituda  of  Foocbow 
(Foochow  b  aow  alao  cm  Had  Miobow).  Utiroda,  26*  N.  Loogituda. 
119.23*  E. 

2.  Prom  6guro  3  tba  equation  of  time  for  23  Decani  bar  it  found 
<a  ba  negligible,  and  dacJinaiioa  lot  23  December  la  23.3*  toutb- 

).  Correct  tba  dock  tioaa  uaad  la  Foocbow  to  tbo  local  apparent 
time,  laaamuch  aa  tba  equation  of  time  ia  oagligibla  for  23  Do- 
camber,  ao  correct  ioo  ia  made  for  it.  To  correct  for  loogituda  (4  mio- 
utaa  of  time  par  degree  away  from  tba  flow  mo  maridUo).  (120* 
—  119  23*)  X  (4)  =  3  miouiaa.  Since  Foocbow  la  watt  of  tba  tima 
toot  mariduo,  the  run  will  not  roach  Foocbow  aa  rooo  aa  it  dote 
tba  place  for  which  the  dockl  are  tat.  aod  oooaaquaoily  the  3  mieuiaa 
lot  longitude  will  ba  tubtnetod  (torn  dock  time:  0600  -  3  =  03)7 
hour*  local  appataat  tima. 

4.  Select  tba  23.5*  dedimtioa  chan,  latitude  COMT1ART  (plata 
42).  Follow  tba  radical  76*  latitude  line  up  to  0357  hour*  (about  a 
half  inch  below  tba  0600  hour  curve)  aod  road  lUumloattoo  aa 
2.2  X  I0-*  fc  or  0.0022  fc 

J.  Check  by  looking  at  the  25*  and  30*  latituda  chant  (pUtaa 
4  aod  3):  at  0357  la  latitude  23*.  Uluminatloo  ia  3  X  10'*  Ic;  at  0357 
is  latituda  30*.  Ulumimlioo  la  7  X  10'*  fc 
By  Interpolation,  tba  UJuminailoo  for  0337  io  latitude  26*  la 
119  X  *0~*  fc  or  0.00219  fc  Rtfeteoce  to  table  1  abowa  that  tbit 
light  Trfweia.  when  tba  altitude  of  tba  win  ia  epprotiaieiely  —  10.SO*. 


ILLUMINATION  it  FOOTCANDLES 


CxompU  S 


Gina:  Chicago,  Illinois,  21  Daramher. 

1.  Tba  poaidon  of  Chicago  k  41.9*N;  87.6*W. 

2.  Froco  figure  3,  declination  foe  21  iMambat  k  found  a  ba 
2).)*  south,  and  eba  equation  of  tuna  k  2  mi  name 

3.  Fran  figure  6.  eba  ilhimlnndon  at  saorira  and  gangs*  U  found 

to  ba  42  fc 

4.  On  plan  7  (40*  ladntda)  tba  23-3*  C  cum  taacbn  42  fc  at 
about  0720  bourn 

3.  On  plan  8  (43*  latituda)  tba  23-3*  C  cum  raadiai  42  fc 
at  about  0737  boura 

6.  By  interpolation,  aa  gat  0723  boon  for  taatfn  oa  1637  bourt 
foe  sumac. 

7.  Convert  thU  local  apparent  time  to  CST.  Pit*.  look  up  tba 
aquaiioo  of  tuna  (fig.  3):  —2  —■"■■■»*,  and  aubenct  it  algahcaitally 
from  tun  time.* 

0723  trua  tun  data  1637 

—2  minutaa  (aquation  of  titna)  —2 

0721  naan  tun  data  1633 

Than  alto  comet  for  longitude. 


90*  CST  aooa  tnaridian 
87.6* 


2.4*  X  4  minutaa  par  degtaa  ==  96  minutaa 
0721  -  10  =  0711  CST  (or  1635  -  10  at  1625  CST). 


Exompl*  6 

PROBLEM:  Find  lit  ttta'i  sliilmds  at  a  jirta  tiat  and  plsti. 

Given:  New  Orleans,  Lju,  at  0800  houn  on  16  ApriL 

1.  New  Orleans:  30*N;  90*W. 

2.  From  figure  3,  tba  declination  of  tba  tuo  of  16  April  it  found 
to  ba  10*  north. 

3.  Tba  aquaiioo  of  titna  for  16  April  (fig.  3)  is  fouod  to  ba 
taro  and.  because  Near  Orleans  is  on  a  rooe  meridian,  there  is  oo 
correct  ton  for  time  Decenary  beet  urn  of  longitude  either. 

4.  From  plate  3  (30*  latitude),  illumination  (or  tba  given  time 
Is  found  to  be  4600  fc 

3.  From  plate  29  (dedioatioo  10*.  latitude  SAMf>,  check  the 
0800  curve  where  it  cross  at  the  30*  latituda  line;  again  (ba  illumine, 
lion  is  fouod  to  be  4600  fc 

From  itupectioo  of  tba  basic  curve  (fig.  1).  which  gives  illumi- 
nstion  as  a  function  of  solar  altitude,  it  can  clearly  ba  seen  that 
the  degree  of  precision  in  determining  solar  altitude  from  the 
illumioatioa  it  depend  eat  upoo  so  equally  precise  rending  of  illumi¬ 
nation.  Since  only  the  approaimete  illumination  foe  •  given  time 
and  place  can  ba  raad  (iota  tba  charts,  it  fellows  that  the  Sco  t 


altitude  can  only  bn  approximated  in  this  manner.  It  may  elan  be 
noted  that,  since  tba  beak  curve  is  for  tba  avenge  valuaa  of  illumine- 
don  for  average  deer  days,  one  cannot,  by  taking  n  meter  nut  of 
doors  and  making  ossa  maasnramem  of  tba  illumination  at  any  one 
that  tod  place,  deduce  that  tba  tun  will  be  at  tba  corresponding 
altitude  aa  given  on  the  basic  curse  (fig.  1).  Hows  vet.  knee  tba 
altitude!  for  tba  sun  wen  first  accurately  calculated  end  corretpood- 
iog  values  of  illumination  sail  good  as  tba  basis  for  tba  oumberad 
plates,  it  is  perfectly  good  procedure  to  determine  the  sun’s  altitude 
from  the  cherts  and  table  1  for  any  place  and  true  sun  tune. 

6.  Thus,  baring  ascertained  the  illumination  from  tbs  charts, 
turn  to  table  1  to  find  the  solar  altitude  corresponding  to  4600  fc; 
this  altitude  is  found  to  ba  31.2*. 


Exempt*  7 

PROBLEM:  Feed  rfie  tset't  sUitsdi  «i  1600  keen  aw  1  April  ns 
St.  Pad,  AUunetere. 

1.  Tba  position  of  St.  Paul:  45*N;  93*3^. 

2.  Dedioatioo  for  1  April:  4*  north  (fig  3). 

3.  Equation  of  time  for  1  April:  —4  minutaa  (fig  3). 

4.  Correct  tune  foe  loogirode: 

90* 

-93* 

—  3°  X  4  minutes  per  degree  nc  —12  minutes 

1600  bounCST 
—  1 2  minutes 

1348  boors  local  mesa  dan 
3.  Correct  time  for  equation  of  time: 

1348  bouts  local  maao  time 
—4  minutes 

1344  houn  local  apparent  time 

6.  From  plate  8  (latitude  43*)  the  iUuminailoo  for  1344  boura. 
dociinsuon  4*  S,  is  found  to  be  approximately  3600  (c  From  table  1, 
corresponding  solar  altitude  it  approximately  26*. 

Exempt*  8 

PROBLEM:  Find  <fie  riese  eeck  day  a/  lbs  yi or  taken,  si  s  gfaae 
plsti,  lbs  r«*  mill  Pi  si  s  tinsim  sliilsds  (or  token  s 
t trims  Ufpl  [soil  mill  o lists  si  s  green  plsti). 

Given:  New  Orleans,  La.;  solar  altitude  26*. 

1.  Position  of  Now  Orleans:  30*N;  90’9P. 

2.  From  table  I,  determine  the  illumination  at  26*  altitude: 
3600  fc 

*  fa  coeverttog  from  traa  tea  lima  (as  gives  oe  the  tharul  te  Woodard 
tins,  it  is  aeteaaarv  to  reverse  lbs  procsw  used  is  ceavsniag  waodsed  time 
is  local  epparrof  lime.  la  Ibis  cats  tbs  equscloe  of  tine  Is  therefore  mb 
traded  eigrbraicaUy-  The  corrociiea  (or  e  loogirode  rest  of  the  roes  merWise 
is  else  aibuected. 


A-  17 


J.  Ott  pleta  5  (JO*  latitude),  place  *  atraighradga  acrom  (to 
page  u  (to  JOOIVfc  Ind  Each  curv*  raptaaaota  a  given  dart  Marlon 
which,  in  nun,  tocmpondi  to  two  oxyi  of  (to  yoar  (Eg.  3).  Tto 
poina  at  which  (to  auaigbtndgv  croaaaa  tto  dorllnailflo  curtaa  will 
give  tto  bean  oo  a  niltormu  number  of  dap  to  make  a  couplet* 
raaclr  ploc 

Example  9 

PROBLEM:  Comporo  tbo  MtvMi  Unit  of  light  (tot  attain  m 
taigai  plttm  a/  different  lotitodtt  a/«ng  tto  taoa 
eee tidim  a/  lomgitodt  at  toy  ana  peralraJer  dttato, 

Gina:  1000  boon  local  eppemut  time  oo  19  Jaanaty. 

1.  Tto  tuo'i  declination  (or  19  January  it  approximately  23.3* 
aouth. 

2.  Look,  (too,  ct  (ha  two  chatty  lot  tto  (inclination  23.3*;  chan 
42  (lot  latitude*  CONTRARY  to  (Melina non)  and  chan  43  (foe  lati¬ 
tude*  RAMI  an  dadlontioo).  for  tto  given  dace,  plan  42  (ton  rap- 
ruaoo  (to  oontoro  tomlaptota  and  plan  43  tto  aouthern  tool- 
tpbera.  Tto  left  adga  of  plata  42  la  tto  North  Poln-,  tto  right  edga  of 
plan  43  la  (to  South  Pole. 

3.  Trace  the  1000-hour  curra  through  both  chard  no  obcaia 
(to  varioua  lavala  of  light  occurring  along  tto  naton  meridian  of 
loogitudr  at  tto  auna  lima.  Tto  1000-hour  curt*  Marta  at  3-1  X  10~* 
at  tto  North  Pola  and  rime  vary  rapidly  aouth  of  >4*N.  Tto  light  at 
69‘N  la  1  fc  At  tto  Arctic  ClitW  («.J4*N)  tto  light  Invel  U  10  fc 
At  32.3’N  It  ia  100  fc  and  it  raactoa  a  maximum  of  non  than 
9000  fc  at  23*  N.  Bara  nan  23*  S  and  tto  South  Pole  it  drape  I  ram 
9000  fc  to  about  3100  fc 

Tracing  (to  1000-hour  curra  In  ihla  manner  ia  In  effect  tracing 
tto  light  level  from  tto  North  PoM  to  tto  South  Pole  by  goiog 
directly  aouth  oo  a  meridian  along  which  the  local  apparent  time 
ii  1000  toon. 

Similar  hour  curvet  may  to  compared.  However,  it  abould  to 
borne  in  mind  ’.bat,  trainee  one  U  comparing  placer  ea  (to  aame 
meridian,  allowance  tnuat  be  takeo  lor  time  difference!. 

Exempt*  10 

PROBLEM:  Comport  lit  light  ml  nrieu  plerrt  of  dlgtront  loogi- 
ittdt  efetag  me  tome  portllol  a/  ladled#  tl  toy  giera 
fallen#. 

Given:  Philadelphia,  Pa;  Denver,  Colo.-,  and  Reno,  Ne¬ 
vada,  ai  0*00  boon,  EST,  21  March. 

1.  Pueitioaa  of  citlea  given: 

Pbiledtlpbie:  40*N:  73‘V. 

Denver:  J9.CN;  10J*W. 

Reno:  39.3*  N;  120*W. 


r 

r 


for  the  mto  of  thie  example,  we  on  raider  ¥)*‘  tad  39.3*  ea  40* 
leifcndn. 

2.  Declination  foe  21  Match  ia  are  (Eg.  3). 

3.  Equation  of  lima  for  21  Much  la  —7  mlnuma. 

4.  Conran  0*00  boon  EST  to  tto  Meal  apparent  time  ia  each 

dty. 

Philadelphia: 

0*00  houraEST 

0  correction  for  longitude 
—7  minutaa  ( correct ioa  lor  equation  of  time) 

0733  houn  Meal  apparent  lima 
Denver: 

0*00  boon  EST 

—2  houn  (correction  lot  longitude;  30'  X  —1  hour  par 
each  13*1 
0600  houn  M5T 

—7  minutaa  (aartection  for  aquation  of  lima) 

0333  houn  Meal  apparent  time 

R*OOe 

0*00  houn  EST 

—  3  houn  (correct loo  foe  longitude) 

0300  houn  PST 

—7  mlnuma  (correction  for  eqtmtion  of  time) 

0433  boon  local  apparent  time 

3.  from  plate  7,  we  End  that: 

at  Philadelphia  tto  illumination  la  2(00  fc; 
at  Denver  the  illumination  ia  )0  fc,  and 
at  Reno  tto  iUuminetioo  ia  0.0004  fc. 

Exampl*  1 1 

PROBLEM:  Comport  limt  relei  ti  which  tbt  illomitwiioo  ibtogtt 
m  digtroot  port i  of  tbt  world  tod  for  tl  ooriottt  dtyt 
end  boon, 

There  era  big  difference!  in  the  rate  of  natural  illumination 
change*.  Tto  ilopea  of  curvaa  deoote  them  rata*.  A  Heap  elope 
denote!  a  rapid  rata  of  change.  A  flat  elope  a  gradual  change  rate. 

Since  change*  in  the  illumination  accompany  ebaogee  in  tbt 
altitude  of  the  tun,  ee  ibown  !o  the  be  -urea.  It  lollowe  that  when 
the  tun  aacende  moet  rapidly,  theta  alau  will  tto  illutpinetion  in- 
cieaee  moat  rapidly.  Alio,  tto  cnovana  ia  true. 

The  ateapaat  portion  of  tto  beak  curve  Ilea  between  —7*  awl 
—  3*,  where  tto  illuraioetioo  ebangat  praciaely  ooa  order  of  magni¬ 
tude;  0.1  fc  to  1  fc  hence,  by  a  factor  of  3  par  degree.  This  fact, 
coupled  with  tto  fact  that  (he  iuo  ilaea  faater  at  (ha  equator  than 
at  any  ottor  latitude  (0.23*  per  minute),  glvea  ua  the  maximum  rata 
of  iocxeaja  of  Illumination  of  non  order  of  megaiiude  io  (  minute* 
of  tim*:  112.3  per  cent  iocreaee  per  minute. 

Tto  lioweet  rate  of  change  occun  et  the  pole*  —  at  tto  North 
Pole  arouod  22  December  and  at  (be  South  Pole  around  21  J>roe. 
Hen  the  rate  of  cheoge  ia  0.014  per  cent  iocraaae  per  minute. 

By  cotsparieoo,  the  feet  eat  rate  ol  change  u  (0G0  dm**  (to 
alowaat  rat*. 
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Example  12 

PROBLEM:  PM  #6*  raw(*  •/  M  */  I  rkrewgkeee 

#  (Mb  dey  <1  (Mb  glare. 

Gina:  1  Jus*.  Su  Pnndeeo,  California. 

1.  From  *  crude  ajep  (1m  latitude  of  Son  Francisco  it  approsi- 
metsly  M*N. 

2.  From  ipin  )  (he  decile* «ioo  on  1  Jut  it  lex  rod  to  bt  22*N. 

3.  Sine*  (Im  declination  tad  (bt  placa  tn  both  (bt  not  (both 
oonb)  wUn  cbo  22*  1  cun  oa  (bt  chnrt  /or  33*  latitude  (plot*  61, 
tod  tiro  ibr  22' t  am  oa  th*  chert  (or  40*  latitude  (plat*  7),  tod 
iotrrpoltu  (nr  31*.  Value*  (or  33*  latitudt  rtnft  (roro  3  2  X  W“* 
(c  at  midnight  to  11,000  ( c  at  noon.  Values  (or  40°  nog*  (root 
3.42  x  10- •  fc  at  midnight  to  10430  It  at  nooo.  By  iattrpolatioa 
it  it  found  that  values  (or  3**  rang*  (com  3.3  X  I0~*  at  midnight 
to  10400  (c  at  oooa. 

Tb*  tarns  limiting  values  may  bt  obtained  without  interpola¬ 
tion  oo  tb*  chan  (or  22*  declination,  latitude  14*11  (plat*  41),  but 
tb*  intermediate  values  and  tb*  character  of  tb*  rates  of  cheag* 
throughout  the  day  are  not  a*  dearly  pi  tainted. 

A  cur**  lot  W  latitude  can  be  plotted  from  13  poind  taken 
directly  from  plate  41,  oa  which  II  even  hour  curve*  *ad  (our  Inter- 
mediate  curves  cram  the  3t*  line. 

In  plotting  tb*  Ulumlnatioa  throughout  any  day  at  •  given 
place.  It  it  helpful  to  iocorporst*  the  correction  (or  longitude  into 
th*  time  seal*.  This  factor  is  constant  (or  the  place  and  resulu 
merely  in  shifting  th*  time  teal*  given  in  tb*  charts  to  right  or  left 
to  competent*  lot  lout  minutes  of  time  per  degree  that  th*  place 
is  east  or  west  of  the  time  too*  meridian. 


ANNUAL  ILLUMINATION 

lo  studying  th*  illumination  throughout  a  yaar  at  a  given  place, 
it  bee  bean  found  very  helpful  to  visualise  the  apparent  path  of  the 
suo  during  e  year  tt  that  piece.  Tb*  yearly  path  of  the  sun  it 
divided  into  daily  petha  (diurnals)  lot  convenience.  Tb*  sun's  daily 
petb  relative  to  tb*  bonion  follows  thru*  simple  laws: 

1.  Th*  plea*  of  the  diurnal  make*  an  angle  with  th*  homon 
of  a  piece  *t|uaf  to  roe  p'ece't  cmiatitude  *'w»*  minus  ietitudct. 

2.  At  say  given  place  th*  diuroal  plea**  a,  tile!  through¬ 
out  th-  ye*,. 

3.  At  the  declination  progresses  from  23-3*  J  to  23  5*  N  tnd 
return*,  (be  diurnal  elm  program**  along  so  tais  wbirh 
peases  through  the  place  and  is  perellel  to  lb*  poltr  tais 
of  th*  earth. 

Figu.es  7  through  10  show  tb*  progress  of  the  diurnal  throughout 
the  year  In  four  diflertot  location* 

On  bgura  *,  oota  that  on  tha  two  data*  21  March  and  2) 
Septamber,  not  only  doe*  lb*  horiton  divide  th*  diurnal  into  equsl 
day  and  night  (tquinoal  but  th*  dlurael  cuts  the  horiton  equally 
between  oonb  and  south.  Heoca,  when  tha  dsclioanon  is  north,  ibr 
diuroal  meets  the  horiton  to  the  oonb  of  the  E-W  line.  When  (hi 
declination  it  south,  tha  revarta  it  trua. 


Tbia  peoenro  oa  bn  eieuallsnd  in  another  emy:  Philadelphia, 
Pb  Una  40*  north  of  tb*  equator.  Aa  a  roam  quanta,  th*  apparent 
petb  of  tbe  suo,  th*  diurneL  makes  aa  aagla  of  30’  with  th* 
Philadelphia  horiaoo.  On  21  March,  the  tun  naaa  approximately 
dun  seat  at  appronimntnly  0600  hours  true  tun  time,  reach**  due 
south  at  oooa,  tun  time,  at  an  altitude  of  30*.  tad  eats  apprtni- 
rnataly  dun  awes  at  ltOO  hours,  (run  suo  tiota.  By  1  May.  the  sun's 
daclinarioo  is  13*  oorth.  On  this  day,  tba  sun  raw  about  10*  oonb 
of  aass  at  approximately  0304,  true  suo  lima,  rear  bet  a  nooo  altitude 
of  63*.  and  ana  around  1134  hours  about  10*  north  of  v-eat.  Note 
that  the  whole  diuroal  la  shifted  oonb  aod  up,  to  that  th*  nooo 
position  of  tb*  tun  u  higher  than  it  wn*  oo  21  March  by  the  a  mourn 
of  tb*  north  dedinerion.  Tba  highest  th*  suo  ever  gets  id  Phila¬ 
delphia  is  73.3*.  Tbic  is  reached  on  21  June,  when  the  doclleatioo 
is  23.3*  oorth.  Tbs  lowest  nooo  position  is  26.3*,  when  tbe  declina¬ 
tion  is  23.3*  south,  oo  21  or  22  December 

Tbe  yearly  Illumination  at  four  relucted  letlrudm  —  tba  equator, 
40*N,  76.3‘N,  aod  tba  North  Pol*  —  is  discussed  in  tb*  next  (out 
taction* 


Yearly  Illumination  at  thg  Equator 

At  tb*  equator  (0*  latitude),  tb*  illumination,  like  tb*  solar 
altitude,  baa  tb*  widest  rang*  during  oo*  day  of  any  pine*  on  north 
—  from  24  X  10*'  to  11,300  fc.  Tbia  can  occur  twice  *  yew,  si 
tb*  tistsa  of  tb*  equioaasa  (declination  0*).  Thee*  an  tb*  dart 
when  tb*  sun  gone  from  —90*  st  midnight  tn  -4-90*  at  nooo  and 
back  to  —90*  again  by  midnight.  At  ib*  equator  at  tha  tinm  of 
summer  aod  winter  solstice,  the  suo  goes  from  —67.3*  to  +67.3* 
aod  beck  down  to  —67.3*  fig.  7). 

lo  summer  tba  suo  alerays  keeps  u>  the  oorth  of  th*  place  (Pi. 
At  the  winter  solstice  (21  December,  declination  23.3*  S.)  tb*  sun 
has  tb*  mom  mag*  in  attitude  aa  oo  21  Juoe  but  always  keeps  to 
tb*  south  of  tb*  piece  (P).  Tbe  illumioarioo  values  corresponding 
to  —67.3*  usd  +67.3*  are  2.B3  X  10*'  (c  end  10.230  It  respectively. 

At  tb*  equator,  aod  there  only,  the  mo  rises  withio  a  few 
minutes  of  0600  hours  suo  tioM  snd  mis  very  close  to  1100  hours 
suo  time  evtry  dsy  of  tbe  year. 

Oo  2i  March  and  23  September  the  sun's  alinud*  changes  et 
tbe  rate  of  13*  per  hour,  all  day  aod  all  nigh'.  Between  0300  snd 
0700  hours  the  suns  altitude  changes  from  —13*  to  +13'  with 
corresponding  iilumiastioo  of  1.4  X  10*'  to  1723  fc  Oo  21  Juoe 
sad  21  December,  between  tbe  seme  hours,  the  suo's  altitude  changes 
from  —13-3*  to  +13.3*  with  corresponding  illuminations  of  2.9  X 
10* •  to  1304  fc.  Tbe  differences  in  illumination  ranging  over 
•ay  given  2-bour  inter,.  1  prior  to  0300  hours  at  the  tquator  ire 
imperceptible  from  one  day  to  aootbar.  For.  even  though  tbe  light 
of  2.9  X  10-°  fc  is  roughly  twice  1.4  x  10**  fc.  both  are  st  a  vary 
low  level,  when  a  factor  of  about  10  to  1  la  necessary  before  the 
difference  is  perceptible.  Likewise,  tb*  differences  from  day  to  day 
for  eoy  succeeding  hour  are  too  small  to  be  recogoisable  eveo 
lot  a  iii-iDOoib  period.  A  summary  is  giveo  in  table  3. 
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TABU  5.  lUiMiwIm  k  ih  «qoMO t. 


Hour* 

[  nifimiii  <tc) 

21  March  and 

25  Wsm 

21  Jane  a md 

2t  Dmc 

14  X  I0-* 

245  X  10-* 

0500 

M  X  10-* 

23  X  l0-« 

0000 

6* 

fd 

0700 

1721 

10)0 

1QJ>0 

9120 

Mow 

11.500 

10J50 

Yearly  Illumination  at  40°N  Latitude 

Piste  7  them  tbe  llluelmiee  (or  s  tenet  of  dt  Y%  Ubeled 
Kmdie|  to  tbrir  decllaetioot.  By  intpectioa  of  piece  7,  oat  teet 
tbet  tbe  turret  ere  fenerelly  titniler.  They  ell  tan  tt  tboui  (he 
eeeee  level  u  midnight  end  retch  <ru,  (ha  thatMQodi  of  loot  caodlet 
by  eooo  of  each  clear  day  throughout  the  year.  Thue  (he  over-all 
range  of  ilium  teat  ioo  it  very  tuoUar  (tom  ooe  day  to  another.  The 
change  from  10*  •  to  10*  taker  about  2  bourt  and  49  minutes  is 
mid  nun  met  and  takas  about  2  hours  and  !l  minutes  oo  21  December. 
Bemsen  10“*  and  10*  (he  thapa  of  ooe  curve  fat  ooe  <Uy  it  time* 
identical  to  th*  shape  of  the  curve  for  mry  other  day.  And  tinea 
tba  i lop**  of  iba  curm  a re  so  similar  throughout  (be  yw,  it  tamo* 
that  ib*  race  of  change  from  oo*  value  to  th#  oext  wiebio  *  given 
bend  It  practically  rb*  mom  from  day  to  day.  However,  you  will 
note  ib  a  i  tbe  big  change  io  illumination,  from  starlight  to  wall 
into  daylight,  occurs  at  a  different  tuna  of  day  awry  day  from  Juoa 
to  December.  On  21  Juoa  ic  takas  place  from  0244  to  0530  hour*, 
wb*r«M  on  21  December  it  takes  place  from  0557  to  0030  hours. 
It  follow!  that  eba  da/kar  levels  on  ooa  tula  of  tbia  map  dope, 
and  iba  lighter  Iav«U  oo  (ba  other,  ebaoga  io  duration  from  day 
to  day.  Hantu,  ic  follows  chac  eba  nighu  art  roughly  5V5  hour*  loog 
io  cnidtummu  comp* rad  io  (2  houn  loog  io  midwinter. 

To  a  moxc  oocicaabla  difference  between  day*  chrougbouc  tha 
yaar  i§  eba  amouoc  of  light  cbac  obtain!  «/  joasa  on*  &*r*  ooa* 
of  diffaraoc  days.  Although  mom  difference*  occur  at  this  latitude 
around  iba  noon  hour*,  tha  big  differences  occur  wiebio  cwo  boun 
(plus  or  miaul)  of  tuoriM  or  lunjet.  For  example,  take  eba  hour 
0530  (or  1830.  which  baa  eba  same  ligbc  values).  Oo  21  Dec*- » bat 
at  cbia  latitude  "wbao  iba  day  if  dear,'  tha  light  ia  slightly  leas 
than  5  X  10'*  fc  Whereas,  oo  21  Juoa  there  will  ba  10  to  20 
million  tuna*  that  amount  of  illumination  al  0530  hour*. 


About  l  September  eba  tun  naa a  at  0530,  giving  42  fc,  whereas 
a  month  later  tba  ill umi nation  given  by  starlight  and  tha  pal* 
twilight  ia  oo  mora  than  tba  value  of  bright  moonlight  at  that  hour, 
0.03  fc  Of  count,  a  high  full  moon  could  add  another  0.03  and 
make  it  0.06  fc 

Tha  ooon  illumination  d  iff  an  over  eba  uxmooth  period  from 
about  3700  fc  on  21  December  to  10,700  fc  oo  21  June.  Such  a 
difference  ia  rut  easily  perceived  by  even  an  obeeront  eye  unkas 
iba  cheogt  is  very  rapid.  However,  eba  corresponding  differaooa  io 
hast  from  tba  sun  ia  quit*  easily  ft)'-  Tba  altitude  of  midsummer 
ooon  sun  at  40*N  ia  73.5*,  where**  tha  midwinter  noon  sun  is  only 
26.5*  altitude  (fig.  8). 

Comparison  of  the  ocming  bourt  on  different  daces  at  which 
erven  selected  light  levels  occur  at  40*N  latitude  is  given  io  cable  6. 


TABLE  6.  Illumination  at  40*N. 


Ul— issuot 
(fc) 

1  Knars  of  Occur  raw* 

21  Jttr 

21  Msidaaf 

2)  S*y« 

21  Dm 

|0-4 

02)0 

04)4 

0552 

10- » 

0)15 

0456 

0618 

42  (maria*)  1 

04)0 

0557 

0720 

1000 

1  0555 

0657 

>451 

3700  , 

0700 

0820 

Noon 

8000 

090C 

Noon 

— 

10.760 

Nooo 

~ 

— 

Y parly  Illumination  at  76.5°N  Latitudo 

Tbs  Uiimds  of  7&.t*N  bat  base  choaao  bacauta  (ba  oonharn- 
moat  targe  settlement  oo  the  earth,  Thule,  ia  at  76.5 *N,  and  aim 
because  ie  was  at  Thule,  in  1946,  that  tba  writer  collected  a  large 
quantity  of  data  oo  tba  illumination,  without  which  these  Natural 
Illumination  Charts  would  probably  oevar  have  baao  prepared. 

The  moat  amasiflg  thing  about  tbe  illumioatioo  at  Thule,  or 
toy  place  elaa  extremely  far  north  or  extremely  far  south,  it  the 
small  changa  over  long  periods  of  time  in  midsummer  and  again 
in  midwinttr  —  tha  sacoiogiy  endless  light  in  midsummer  sod  the 
cod  less  da  ran  ess  io  midwinter. 


Ac  such  Mtf-polv  phew  Use  sue  goat  trouad  tbt  borucoo  in  a 
gsntJa  itopiog  plana  rather  than  mapl 7  up,  ovar,  and  down.  Ac 
Thule  tbe  plane  slopes  only  1).)*  from  tbt  horizontal  (fig.  9). 
Vbtii  tbit  whole  plane  U  10*  or  more  abort  tbt  horizon,  a*  it  is 
in  midsummer  ( AB,  fig.  9).  tbt  light  of  owe  day  rum  right  into 
chat  of  tbt  next  oot  without  orach  appreciable  change. 

The  sun's  climb  from  midnight  to  0000  atom*  very  alow  aod, 
wbeo  0000  finally  coma,  with  tbt  sun's  rays  slanting  down  from 
37*.  it  u  hard  to  rvalue  that  btrt  is  tbt  highest  tun  of  the  year 
aod  tbt  lightest  it  ever  gets. 

Tbt  difference  between  1015  fc  at  midoigbt  aod  5660  fc  at  0000 
U  really  oot  very  large.  Oot  thousand  foot  candles  is  about  tbt 
light  tbst  msu  when  there  il  a  high  fog  obscuriog  the  tun  s  disc 
during  the  first  week  of  September  t round  10  a.  m.  io  Sao  Diego, 
California;  5660  fc  ls  the  light  experienced  st  kickoff  time  00  a 
typical  clear,  cool  football  day  io  Chicago. 

The  difference  between  1000  sod  5600  fc  accompanies  a  change 
io  the  suns  altirude  from  10°  sod  37“  at  York.  Penosylvaaia,  for 
example,  between  0745  aod  noon  of  a  dear  day  when  the  suq 
rises  around  0645-  A  person  in  the  United  States  can  experience 
•bout  this  same  change  by  walkiog  across  tbe  street  from  the  shaded 
side  to  (be  n-ooy  side  in  tbe  middle  of  (be  afternoon. 

Since  there  is  a  great  deal  of  fog  and  overcast  all  along  tbe 
western  coast  of  Greenland  during  tba  summer,  tbe  ooootooy  of 
nearly  constant  light  is  even  more  pronounced,  for  fog  aod  low 
stratus  clouds  have  so  even  mg  effect.  On  tbe  other  hand,  wbeo  cold 
fronts  move  through  aod  aoti<yclomc  conditions  prevail,  tbe  sky 
clears  to  an  intense  blue  overhead  that  is  truly  breatbeakiog  and 
the  visibility  of  mountains  100  miles  or  more  distant  is  restricted 
only  by  tbe  altitude  of  the  observer.  A  clearing  also  changes  tbe 
geometry  of  tbe  lighting,  producing  sharper  aod  more  contrasty 
scenes,  long  shadows,  mod  more,  much  more  color.  Tbe  level  of  light, 
however,  doeso  t  change  appreciably 

Between  1  November  and  10  February  tbe  Sun  does  oot  rise 
•t  Thule.  Greenland,  as  shown  in  figure  9  (JK-LM).  During  six 
w«ks  of  this  period,  beeweeo  tbe  first  of  December  and  I3tb  of 
January,  wheo  tbe  sun  stays  below  —8°  tbe  light  is  most  monoto¬ 
nous.  (Incidentally,  the  thermometer  stays  well  below  at  this  time 
also.)  At  ill  other  times  of  clear  weather,  even  in  "tbe  dark  of  (be 
moon."  (be  light  at  midday  is  at  least  equal  to  (bat  of  a  high,  bright, 
full  moon. 


But  even  this  change  from  starlight  to  mooolight  aod  back  to 
starlight  again  day  after  day  after  day  becomes  very  tiresome.  Ac* 
compeoying  this  rather  slight  variation  in  illumination  is  tbe 
general  sameness  of  tbe  surrounding  scenery.  Without  tbe  moon,  the 
light  that  exists  is  to  diffuse  that  the  world  is  almost  completely 
shadowiest  Add  to  this  tbe  uniformly  white  blanket  of  snow  which 
lies  everywhere  and  frequently  fills  tbe  air  as  welt,  aod  one  can  see 
bow  ceric  tbe  pale  light  of  tbe  long  winter  moochs  can  be 

Still  there  is  great  variety  io  tbe  light  at  Thule,  Greenland. 
Unlike  the  tropics,  here  there  art  four  distioctly  different  types 
of  days  as  far  as  broad  light  levels  go: 

1.  Daylight  ooly,  wbeo  tbe  sun  stays  continuously  above  tbe 
horizon.  This  occurs  from  24  April  to  19  August  (fig.  9,  AB-CD). 

2-  Sunlight  aod  twilight  ooly,  from  20  August  to  3  October, 
and  agaio  from  10  March  to  23  April 

3-  Sunlight,  rwilight,  and  night,  from  6  October  to  30  October, 
and  agaio  from  II  February  to  9  March. 

4.  Twilight  aod  night  ooly,  from  1  November  to  10  February 
(fig.  9.  JK-LM).  Note  that  cveo  io  midwinter  there  are  at  least 
four  hours  of  nautical  twilight,  weather  permitting  (plate  42). 

On  24  April  (he  sun  rises  but  does  not  set. 

On  19  August  tbe  suo  docs  oot  rise,  but  seta. 

From  20  August  to  1  November,  aod  again  from  11  February 
to  23  April  tbe  suo  rises  sod  sets. 

Like  every  other  place  00  the  earth,  excepting  withio  a  few 
degrees  of  tbe  poles  themselves,  the  suo  is  above  tbe  horizon  and 
below  the  horizon  for  equal  periods  on  tbe  cquiooxal  dates:  21 
March  and  23  September  (fig.  9,  FGi. 

Table  7  is  a  summary  of  the  range  of  illumination  throughout 
tbe  year.  It  does  oot  allow  for  (be  equation  of  time  nor  the  longitude 
tune  correction  factor  for  Thule.  In  cable  7,  11  February  and  l  No¬ 
vember  arc  iho*»o  is  examples  because  00  11  Pebruary  the  first 
sunrise  of  the  year  can  occur  aod  00  1  November  tbe  last.  On  these 
dates,  the  declination  is  about  14.3*  south  (fig.  9.  JK).*  The  sun 
rises  sod  sets  very  oearly  due  south  00  these  daces.  Oq  the  other 
hand,  around  24  April,  the  sun  rises  almost  due  north  and  does  oot 
set.  On  19  August  it  starts  arttiog  agaio.  due  north  (fig.  9.  CD). 

•If  tba  dedinatioa  occur*  before  oooo  oo  10  February,  there  will  be 
•  worn*.  If  it  occur*  ih«r  0000  00  I  November,  the  eua  will  rise  that  day 
ilia  If  oot  (and  there  ta  a  tli|bi  vanauoo  each  year),  tbe  mo  won't  nae  uoul 
II  February  oe  after  51  October. 


TABLE  7.  Illumination  OO  selected  days  st  Thule,  Greenland  76.5*N. 


lilunnarexi  (fc) 

24  April  aod 

1 1  February  mod 

19  Aufuai 

1  November 

21  March  and 

Start  aad 

21  December 

Fin*  aod  Last 

23  September 

Eod  of  Coo- 

21  Juaa 

Time 

M«j»toter 

Day*  of  Suorae 

Cquieos 

uauoui So a 

Mat  mm  me. 

(boon) 

Decl.  23.5“ <C> 

D«a  i,  )-(C) 

Deci.  0* 

DecL  1 2.7*(S) 

Decl.  2}.V(S> 

Mejoigbi 

3.1  X  l0-» 

3-4  x  10-  * 

2-9  X  10“  4 

42 

1015 

0200 

5.1  x  10-» 

3  6  x  IO-> 

1.1  x  io-* 

105 

1250 

0400 

5  4  x  10-» 

4.5  x  l0-» 

1.4  X  IO'1 

512 

1945 

0600 

3  9  X  I0_l 

2.5  X  10“ 4 

6ft 

1342 

3015 

US00 

15  x  10-* 

6.3  X  10-  * 

621 

2405 

4300 

1000 

97  X  IO-4 

10.2 

1235 

3265 

5)00 

Nooo 

4.3  x  10“  * 

42.1 

1504 

3640 

5660 

Y««Hy  Illumination  at  tfco  North  Polo 

It  would  be  misleading  to  as y  that  «t  the  North  Pole  every 
day  U  dlfereot  during  the  two  tix- month  periods  httweeo  21  De- 
caaSt  end  21  Juoe.  It  U  misleading  tiro  to  say  thee  there  ere  tie 
month*  o i  daylight  end  tie  oootba  of  sight  Poe  toy  gtveo  dry,  the 
light  change*  not  at  ell  Me*  (or  the  lafluaoce  of  the  aooo  or  the 
wmuher,  or  both. 

At  ell  tinea,  the  m,  wbeo  it  ceo  be  me,  appear*  to  nay  et 
ooe  place  io  the  eky.  9Pbeo  there  are  reiereoce  ohiecta  around  oo 
the  ks  the  sun  appear*  to  go  around  the  horiroo  (fig.  10)  but  omr 
up,  iw,  tod  dowo  aa  we  normally  think  of  in  doing.  It  taker  nearly 
four  day*  for  the  tuo  to  rise  or  set.  It  stay*  beeweeo  23*  and  2). 3*, 
iti  maximum  altitude,  for  ux  weak*. 

lodepeodeot  of  the  mooo's  influence,  the  type  of  light  coodi* 
tton*  that  do  occur  et  the  North  Pole  ere  ae  follow*: 


Full  oigbt  ooly 
AKiuoofmcal  twilight 
Nautical  twilight 
Civil  twilight 
Sunrise 

Highest  Sun  <3100  fc) 
Sunset 

G*il  twilight 
Nautical  twilight 
Astronomical  twilight 


14  November  to  29  January 
30  January  to  17  February 

18  February  *°  3  March 
6  March  to  18  March 

19  March  to  23  March 
10  June  to  3  July 

21  September  to  23  September 
26  September  to  9  October 
10  October  to  23  October 
26  October  to  13  November 
(See  also  table  3). 


CONCUSSION 

Io  cooduiioo,  I'd  like  to  meotioo  a  few  of  the  film  itapteeeioos 
(hat  many  people  Acquired  when  they  were  children  end  which, 
unfortunately,  many  of  ua  retaioed  for  too  loog  a  time. 

1.  It  if  wrong  to  refer  to  the  quantity  of  light  io  brand  terms 
of  erne  or  day  ooly,  such  as  10  minutes  after  sunset,  or  30  minute* 
before  dawn.  For  at  30  minutes  before  dawn  the  light  can  be  any* 
thing  from  ooe- tenth  of  •  foot  caodla  to  30  foot  oodles,  depending 
oo  the  time  of  year  sod  tbe  place  you  are  calking  about. 

2.  Day*  canoot  just  be  divided  between  day  aod  night  Tbe  tirne 
of  year  aod  tbe  latitude  of  the  place,  as  well  aj  tbe  hour  of  tbe  day, 
effect  wide  variations  in  (be  altitude  of  the  sun  aod  hence,  the  light 
There  are  a  wida  variety  of  type*  of  days  aod  type*  of  oigbts  as 
fat  as  light  is  concerned,  from  tbe  equator  to  tbe  pole*  —  some  all 
dark,  some  til  twilight,  aod  so  oo. 

It  is  not  always  dark  or  twilight  below  the  surface  of  the  sea. 
The  light  within  the  sea  variea  greatly  aod  depeods  on  a  number 
of  thiugt.  Tbe  amount  that  racer*  the  cm  depeods  io  large  pen 
on  the  amount  reaching  tbe  surface  from  above,  so  that  the  charts 
contained  io  chi*  book  may  be  a  guide  to  some  degree  io  visualising 
the  light  within  the  see  at  shallow  depths. 

3.  It  is  wrong  to  consider  merely  ooe  value  for  starlight,  ooe 
value  for  mooolight,  ooe  for  twilight,  or  ooe  for  daylight,  sioce 
io  each  cast  the  illumination  raoges  over  a  wide  scale  of  value*. 
See  the  dixfuxaion  of  illumioatioo  levels  (p.  3)  and  table  3. 

4.  It  is  false  to  my  thet  there  are  six  months  of  daylight  aod 
six  months  of  darkness  st  tbe  North  and  So*-  i  Pole*. 

3.  To  the  common  expression,  "It  tlv,,i  seems  darkest  just 
before  tbe  dewo,"  should  be  added  "...  actually  it  never  is,  you 
know." 
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n  SUPPLEMENTARY  NOTES 


1 2-  SPONSORING  MILITARY  ACTIVITY 


IS  abstract 

Summary  tables  show,  for  four  lunar  months  (mid-summer,  mid-fall, 
mid-winter,  and  mid-spring),  the  number  of  hours  in  which  the  illumination 
exceeds  levels  in  8  decades  from  1.5  x  1CTS  lumens  per  square  foot  to 
1.5  x  10+)'  lumens  per  square  foot;  the  full  tables  list  the  hours,  day 
by  day,  in  which  the  illumination  exceeds  the  same  8  levels.  Note  that 
the  sum  of  the  hours  not  exceeding  and  the  hours  exceeding  a  given  level 
equals  a  constant  which  is  the  total  number  of  hours  in  a  lunar  month. 

So  that  these  tables  may  be  more  easily  understood,  they  also  have 
been  plotted  at  levels  of  1.5  x  10" 6 ,  1.5  x  10“°  ,  1.5  x  1CT1  ,  and  1.5  x 
10+1  .  These  curves  show  the  number  of  hours  per  day  as  a  function  of 
date,  the  time  that  terrestrial  illumination  equals  or  exceeds  these 
values.  There  are  separate  sets  of  tables  for  latitudes  of  0°,  30°,  and 
60°  latitude. 
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